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Behind Anemone Lines: Determining the environmental drivers 
influencing lagoonal benthic communities, with special reference to the 
anemone Nematostella vectensis. 
Jess R. Bone 
Abstract 
Climate change induced sea level rise and increase in associated storms is 
impacting the coastal zone worldwide. Lagoons are a transitional ecosystem 
on the coast that are threatened with habitat loss due to ingress of seawater, 
though conversely this also represents an opportunity for lagoon habitat 
creation. It is important to quantify the spatio-temporal trends of 
macrozoobenthic communities and abiotic factors to determine the ecological 
health of lagoon sites. Such information will ensure optimal and adaptive 
management of these rare and protected ecosystems. This thesis examines 
the spatial distribution of macrozoobenthic assemblages and the abiotic and 
biotic factors that may determine their abundance, richness and distribution at 
tidally restricted urban lagoon at Poole Park on the south coast of England. 
The macrozoobenthic assemblages were sampled using a suction corer 
during a spatially comprehensive survey in November 2017, in addition to 
aquatic and sediment variables such as salinity, temperature, organic matter 
content and silt content. Species richness and density were significantly lower 
in areas of high organic matter and silt content, indicative of hostile conditions. 
There were no correlations between pelagic fauna and macrozoobenthic 
fauna which suggests that top-down control of macrozoobenthic species is not 
significant enough to influence their distribution. Salinity and temperature were 
spatially homogenous but macrozoobenthic assemblages indicate longer term 
variability; the euryhaline annelid Hediste diversicolor dominates at sample 
sites adjacent to surface water outflow pipes. The non-native protected Starlet 
Sea Anemone Nematostella vectensis was also significantly negatively 
correlated with organic matter and silt content. It is known to be sensitive to 
hypoxic-sulfidic conditions associated with high organic matter sediments. The 
anemone’s indiscriminate and efficient method of prey capture in high 
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macrozoobenthic densities may disproportionately affect prey species, limiting 
their availability to native predators and negatively affect higher trophic levels. 
The anemone’s effect on native communities should be subject to further 
study. This thesis will serve as a baseline to compare subsequent surveys to, 
particularly post dredging and island construction works planned to commence 
in Poole Park lagoon in the late autumn of 2018. 
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Chapter 1 - Macrozoobenthic Communities in Poole 
Park Lagoon 
1. Introduction 
1.1 Threats to Coastal Zones 
Climate change induced sea level rise presents an imminent threat to coastal 
zones. It is deemed very likely that 95% of the ocean area will experience sea 
level rise, affecting 70% of coastlines worldwide (IPCC 2014). Hence, they are 
disproportionately threatened by habitat loss from the associated effects of 
climate change and coastal development, which are predicted to significantly 
decrease biodiversity within coastal regions (Hawkins et al. 2016; Hawkins 
2012). Semi-enclosed coastal systems (SECs), including transitional 
ecosystems such as lagoons and saltmarshes, are among the most vulnerable 
coastal ecosystems to these anthropogenic pressures, particularly when 
associated with river mouth systems (Newton et al. 2014; Newton et al. 2012; 
Nicholls and Cazenave 2010; Eisenreich 2005).  
 
Along the south coast of the UK, the estimated sea level rise compared to 
1990 levels will be between 18.4cm and 25.8cm by 2050. The impact on 
Scottish coasts is less severe, with sea level rise estimated between 10.5cm 
and 18cm due to vertical land movement from loss of glaciation leading to local 
isostatic change (Bradley et al. 2009; IPCC 2007). The most pertinent threat 
is the flooding of low-lying coastal land with longer term effects involving 
changes to coastal geomorphology, such as increased erosion and changes 
to sediment dynamics. Additionally, warming oceans will intensify atmospheric 
pressure gradients leading to increased frequency and intensity of coastal 
storm events (Murphy et al. 2010; Woth et al. 2006; Dorland et al. 1999). The 
hydrological cycle for northern and central Europe is also projected to change, 
increasing precipitation and freshwater input to lagoon sites (IPCC 2007). 
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Subsequently, the salinity regime of many SECs may become less predictable 
and turbidity may increase due to stronger run-off currents. 
1.2 Lagoons 
Lagoons are typically defined as shallow bodies of brackish water partially 
separated from the adjacent sea by a barrier and where there is a restricted 
tidal exchange (Brown 1997; Barnes 1989). They are uncommon on the 
European Atlantic coast, comprising just over 5% of the coastline, with some 
subtypes rarer still, though these figures are now several decades old and 
require updating (Barnes 1980). Climate change related threats may lead to 
an increase in dystrophic events and mass mortality of lagoon fauna. Habitat 
loss is also a risk due to the inundation of seawater or infilling of sediment if a 
site is unable to retreat into the hinterland due to land reclamation (Carrasco 
et al. 2016; Anthony et al. 2009).  
 
The definition of a lagoon has been applied to a broad spectrum of lagoonal 
sites that can include atypical characteristics, such as depths exceeding 2m 
(Oban nam Fiadh, Uist, and Arne lagoon, Dorset), but meet the 
physiographical criteria and host lagoonal specialists that would otherwise be 
outcompeted by their marine counterparts (Howson et al. 2014; Wheeler 
2013). Lagoons are a Priority Habitat in Annex I of the EU Habitats Directive 
and under the UK’s Biodiversity Action Plan, and several UK sites have been 
selected as Special Areas of Conservation (SACs) including over 50 individual 
lagoons across 10 UK SAC sites (Williams 2006). Barnes (1989) identified a 
total of 41 lagoon sites in Britain in the late 1980s, some of which have been 
since reclassified, such as Poole Harbour on the southern English coast, which 
is now considered an estuary due to the salinity regime and volume of tidal 
exchange (May and Humphreys 2005). Most of Barnes’ original sites were on 
the English coast, but over 100 lagoon sites have since been identified on the 
Scottish coasts, predominantly confined to the Northern and Western isles 
(Howson et al. 2014).  
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1.2.1 Lagoon Ecosystem Services 
A wide range of ecosystem services are provided by lagoons as they are highly 
productive, prevent erosion, are key sources of food for local communities, 
and provide wildlife refuge and nursery areas. They are also significantly 
important for the cultural services sector, providing cultural heritage, 
aesthetics, education and recreation (Velasco et al. 2017; Lopes and Videira 
2013; Barbier et al. 2011). Increases in temperature, sea level rise and 
changes in freshwater input are predicted to negatively affect all ecosystem 
services provided by lagoons (Newton et al. 2018). 
1.2.2 Effect of Sea Level Rise on Lagoons 
Lagoons are a transitional system so by their very nature are ephemeral, 
exacerbated further by climate change and coastal squeeze. The predicted 
sea level rise, based on UKCP09 projections for London, is between 23cm 
and 53cm by the year 2095. The UK’s stance on sea level rise was developed 
in the late 1990s by the Department of Environment and Rural Affairs (DEFRA) 
and accepts the likelihood of water ingress in coastal areas. It has several 
conditions it assigns to portions of coastline depending on the threat level and 
feasibility of different management strategies; No active intervention, Hold the 
line, Managed realignment, and Advance the line (Esteves 2014). In the 
scenario of No active intervention and Managed realignment current lagoon 
habitats may be lost as their defining barriers are overtopped. However, 
inevitably there will also be low-lying coastal sites that can become lagoons, 
providing refugia for lagoon specialists and the associated reliant food web. 
As lagoons are hydrologically impounded and the invertebrate fauna generally 
have a limited dispersal range, connectivity between lagoon sites can be low. 
It is important to consider a site within the wider context of regional lagoon 
ecosystems and network (Herbert et al. 2018; Perez-Ruzafa et al. 2018; 
Ghezzo et al. 2015).  
1.3 Natural History of Poole Harbour 
Having lagoonal characteristics itself, Poole Harbour was formed in the late 
Holocene and is an estuary of rivers Frome, Sherford, Corfe and Piddle (see 
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Figure 1). It is a shallow natural harbour with a maximum area of 13.92 miles 
and an average depth of 48cm with a microtidal range of 0.6m-1.8m and a 
double high tide for a total duration of 16 of 24 hours (May and Humphreys 
2005; May 2005; McClusky and Elliot 2004). The harbour’s proportionally 
narrow entrance permits 22% to 45% of the water volume to leave on the ebb 
tide. Salinity range increases with distance from the harbour mouth, ranging 
by as much as 29.4‰ in Wareham Channel where freshwater input is greatest. 
It possesses extensive intertidal mud flats fringed with saltmarsh and reedbeds 
and is considered to host most types of British coastal habitat (JNCC 2008b; 
Gray 1985). The northeast coast of the harbour is significantly urbanised with 
the town of Poole, its surrounding suburbs and a recently expanded port. Such 
land reclamation has led to a local sea level rise of 26cm since the late 1800s 
(Edwards 2001; Pethick 1993). Conversely, the southwest coast possesses a 
notable absence of development, and most of the coastal land is owned by 
conservation and heritage charities and are designated nature reserves. For 
example, Arne is owned by the Royal Society for the Protection of Birds 
(RSPB) and Studland by the National Trust. Five islands exist in the central 
harbour area with little to no permanent human residence. This includes most 
notably Brownsea Island, the largest of the islands with an area of 0.772 miles 
and owned by the National Trust, and Furzey Island, home to 22 oil wells of 
Wytch Farm Oil Field.  
 
A site of international avian importance, Poole Harbour is a RAMSAR site, a 
Special Protected Area (SPA), and several Sites of Specific Scientific Interest 
(SSSIs) are locally designated under European Union Birds Directive and 
Habitats Directive legislation. Large numbers of resident, migratory and over-
wintering birds utilise Poole Harbour and its various habitats to roost, feed and 
breed, and peak in the wintertime with a total abundance of approximately 
25,000 individuals. Notable species include the protected avocet Recurvirostra 
avosetta (Linnaeus 1758), black-tailed godwit Limosa limosa (Linnaeus 1758), 
and common tern Sterna hirundo (Linnaeus 1758) (JNCC 2008b). The cord 
grass Spartina anglica (C.E. Hubb) dominates saltmarsh which occupies 1.242 
miles of the coastal area (Corkhill and Edwards 2006). This is decreasing in 
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areas due to erosion, competition from the common reed Phragmites australis 
(Cavanilles) where salinity is low, and trampling  
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occurs from the non-native Sika deer Cervus nippon (Temminck 1838) (House 
et al. 2005; Edwards 2004; Gray et al. 1991). Several small stony islands in 
the Wareham Channel host the largest nesting population of Schedule 1 
protected Mediterranean gulls Ichthyaetus melanocephalus (Temminck 1820). 
However, these are fully immersed during high spring tides and are vulnerable 
to strong wave action and storm damage (Hopper 2016).  
 
A maximum of 88 invertebrate species have been recorded in sediment cores 
from the harbour with a dominance of annelid and mollusc species, with the 
ragworm Hediste (Nereis) diversicolor (O.F Muller 1776) characteristic of 
assemblages throughout the harbour. Several lagoonal specialists also occur 
in the harbour such as the bivalve Cerastoderma (Cardium) glaucum 
(Bruguiere 1789) (Thornton 2016; Herbert et al. 2010; Barnes 1980). 
 
The harbour includes four known lagoons; Brownsea, Seymers, Arne and 
Poole Park lagoon (see Figure 1). 
1.3.1 Brownsea Lagoon 
Brownsea Island lagoon was created in the late 1800s following the flooding 
of agricultural land on Brownsea Island and the subsequent enclosure by a 
sea wall (Herbert et al. 2018). The lagoon is fed by a freshwater stream and is 
connected to the harbour via an electronic pump and sluice. It is the longest 
established lagoon in terms of management within Poole Harbour and has 
been protected from development by the National Trust, who own the island, 
and the Dorset Wildlife Trust, who lease part of the land. It is also the most 
diverse, with the greatest species richness and abundance (Bone 2017; 
Herbert et al. 2010). It is incorporated within Poole Harbour SPA due to its 
importance as a feeding and roosting site for thousands of migrating and 
resident waterfowl that frequent the harbour each year. The current status of 
this threatened lagoon site is to Hold the Line in the short-term and Managed 
Realignment in the long term (National Trust 2015; Guthrie and Eggiman 
2014).   
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1.3.2 Arne Lagoon 
Arne lagoon, a repurposed clay quarry, was deliberately filled with sea water 
in 2012 via a channel that meanders through marshland, connecting it to Poole 
Harbour (RSPB 2012). Recent observations suggest that the lagoon has since 
been colonised by characteristic lagoon species such as Hydrobiid snails and 
the estuarine ragworm H. diversicolor, and the sand gaper Mya arenaria 
(Linnaeus 1758) was also observed in situ (Herbert et al. in press). Several 
species of coastal bird, such as cormorant Phalacrocorax carbo (Linnaeus 
1758), spoonbill Platalea leucorodia (Linnaeus 1758) and little egret Egretta 
garzetta (Linnaeus 1766), were observed at the edge, demonstrating its 
capacity to provide a crucial habitat for the harbour’s internationally important 
populations of avifauna (personal observation).  
1.3.3 Seymers Lagoon 
Seymers lagoon was created incidentally in the late 1800s following the 
ingress of seawater in a clay mining works. Following this, a natural inlet 
channel formed, allowing the exchange of seawater. Its hydrodynamic regime 
limits the biodiversity in this small eutrophic lagoon, but characteristic 
specialist benthic fauna has been recorded, in addition to a number of bird 
species including teal Anas crecca (Linnaeus 1758) and shelduck Tadorna 
tadorna (Linnaeus 1758) (Bone 2017). It has not benefitted from lagoon-
specific management like the main Brownsea lagoon but undergoes regular 
monitoring from the Dorset Wildlife Trust (personal communication). It is a 
small lagoon and would benefit from expansion and dredging the channel to 
improve the flushing regime.  
1.3.4 Poole Park Lagoon 
Poole Park lagoon is a recreational boating lake in an urban park in the Poole 
conurbation. It was created in 1890 when the railway line along the southern 
edge was constructed, impounding an intertidal bay with the railway 
embankment. Historically the lagoon supported high abundances of the 
lagoon cockle C. glaucum but this species now occurs only in low numbers 
(Harrison et al. 2016; Boyden and Russell 1972). It is now a sluiced lagoon 
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that is flushed once a month on the high spring tide and faces significant 
anthropogenic pressures, such as pollution from surface water runoff that 
discharges into the lagoon via pipes. The limited tidal exchange combined with 
highly variable freshwater input can lead to dramatic ranges in salinity, limiting 
the species richness. Litter from the park users accumulates in the lagoon, 
such as plastic bottles, to the more unusual such as electric kettles (personal 
observation).  
 
Anthropogenic disturbance and lack of intertidal mudflats limits the avifauna 
that visit the lagoon and is dominated by opportunistic species such as mute 
swans Cygnus olor (Gmelin 1789), Canada and greylag geese Branta 
canadensis and Anser anser (Linnaeus 1758), mallard ducks Anas 
platyrhynchos (Linneaus 1758), and gulls. The proliferation of algal blooms 
and nuisance swarms of non-biting midges (Chironomidae) that undergo their 
larval stages in the lagoon sediment have indicated that Poole Park lagoon is 
a degraded and hypereutrophic habitat (Harrison et al. 2016). 
1.4 Rationale 
It is evident that there is a relative paucity of literature and data on temperate 
lagoons, particularly on the coasts of the UK, with much work on European 
lagoons focused in the Mediterranean. Much of the work done by British 
lagoon ecologists Martin Sheader, Roger Bamber and Richard Barnes was 
pivotal in providing a baseline of physico-chemical parameters typical of British 
lagoons and the lagoonal fauna. However, apart from a handful of more recent 
studies, surveys and reports (see Howson et al. 2014), little has been done 
since the 1990s, particularly on English lagoons. Since then, taxonomic 
scientific techniques and methods have become more accurate and precise, 
which is crucial to determine positive identification of some of the more 
ambiguous invertebrates, such as the morphologically similar lagoon cockle 
C. glaucum and common cockle Cerastoderma edule (Linnaeus 1758) 
(Hummel et al. 1994; Barnes 1980). Additionally, it is important to maintain 
accurate data on the distribution, extent and ecological health of British 
lagoons in an ever-changing climate to ensure adaptive management. 
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There is historical evidence of lagoons becoming inundated with seawater in 
Poole Harbour. Blue Lagoon, once a disused saltern, became intertidal in the 
late 1980s leading to the loss of a regional lagoon habitat and a local 
population of the starlet sea anemone Nematostella vectensis (Stephenson 
1935) (Sheader et al. 1997; Sheader and Sheader 1992; Sheader and 
Sheader 1985). With Brownsea lagoon facing habitat loss in the future, there 
is a need to assess the extant lagoons and potential/ unconfirmed lagoon sites 
in the region to determine their habitat health, their potential as refugia and to 
provide baseline data that will inform their management for the future. A survey 
focused on water quality was conducted in Poole Park lagoon in 2015 with 
some biotic data collected, giving a limited insight into the benthic 
communities. Macrozoobenthic communities are well-known indicators of 
habitat health and spatially comprehensive data would provide an assessment 
of the ecological condition of Poole Park and its capacity to support species 
from higher trophic levels such as birds (Arbi et al. 2017; Dauvin 2007; 
Rakocinski and Zapfe 2004; Simboura and Zenetos 2002). 
 
In the late autumn of 2018 the lagoon will undergo works to improve public 
access and engagement, create islands for use by terns, and to improve 
overall ecology. Collecting spatially comprehensive abiotic and biotic data now 
will provide a baseline allowing the status of the lagoon’s ecosystem health to 
be compared before and after the works have been completed. 
1.5 Aims and Objectives 
A study conducted in Poole Park in 2015 gave a snapshot view of 
macrozoobenthic diversity but focused on water quality. Biotic samples were 
only taken from two sites and recorded 13 species, with the annelid H. 
diversicolor and amphipod Monocorophium (Corophium) insidiosum 
(Crawford 1937) dominating (Harrison et al. 2016). This study aims to collect 
spatially comprehensive biotic and abiotic data in Poole Park lagoon to 
determine the primary environmental variables that dictate the 
macrozoobenthic communities and species. Measuring the sizes of the most 
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widespread and abundant species can provide useful indicators of spatial 
ecological health (Petchey and Belgrano 2010). 
 
Decreasing salinity with decreased proximity to the site where the lagoon 
connects to the sea is seen in Brownsea Lagoon, and also demonstrated on 
a larger scale in Poole Harbour (Herbert et al. 2010; Barnes 1989). Salinity 
may be higher closer to the sluice gate with hyposalinity occurring in the north 
of the lagoon where surface water input from pipes is greatest. It is predicted 
that proximity to the sluice gate will be negatively correlated with species 
diversity due to the higher energetic costs associated with osmoregulation 
(Arndt 1989).  
 
The aims and objectives for this study are:  
 
1) Collect spatially comprehensive baseline abiotic and biotic data by: 
a) Using standardized, replicable field and laboratory methodology  
b) Obtaining abiotic data measurements such as salinity, temperature, 
particle size, organic matter content, sediment depth and water depth 
c) Obtaining biotic data from benthic cores and fish traps. 
 
2) Identify relationships between abiotic variables and assemblages by: 
a) Using ArcGIS to visually identify spatial trends 
b) Conducting statistical analyses 
c) Analysing the assemblage data within the context of abiotic variables 
using appropriate biotic metrics  
d) Measuring annelid H. diversicolor and amphipod M. insidiosum to 
determine size class frequency distributions to establish resident 
populations. 
 
3) Identify, if any, relationships between pelagic and benthic fauna by: 
a) Using ArcGIS to visually identify spatial trends 
b) Conducting statistical analyses. 
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4) Discuss the ecological health of Poole Park lagoon and its potential for 
improved management by: 
a) Using existing literature, including Harrison et al.’s report from 2016 
b) Analysing results within the context of trophic ecology and comparing it 
to other lagoons in the region. 
2. Methods and Materials 
2.1 Study Site 
Poole Park lagoon is a 0.21km2 sluiced lagoon and the gate is opened once 
monthly on the spring high tide for flushing and is otherwise impounded. It also 
receives freshwater input from pipes that drain surface water from a catchment 
of approximately 2km2 from the Poole town conurbation, including a licensed 
sewage overflow. As a result, freshwater input can be very variable and lead 
to extreme temporal values in salinity, contribute to contaminant loading and 
exacerbate eutrophication in the lagoon (Harrison et al. 2016).  
 
Five islands were created in 2007 in the northwest with material dredged from 
the lagoon and bordered with wooden fencing, chicken wire and reeds to 
prevent erosion and access by geese and swans (see Figure 2). Since then, 
some of the islands have subsided and fallen into disrepair and are frequently 
used by avifauna. In the north and east, reedbeds have been used to create 
sheltered inlets and are in a similarly poor state. Reedbed One in the north is 
often populated by geese, swans and gulls which are fed by the users of the 
car park adjacent to the reedbed. Reedbed Two in the east is less accessible 
to park users as hedgerows prevent direct access to the lagoon. In the 
southeast a Concrete Walkway borders the Model Boating Area. The Sluice 
Gate is in the south of the lagoon and discharges into Parkstone Bay in the 
north of Poole Harbour. Rockley Watersports operate in the lagoon and are 
based in The Kitchen Café premises, offering schools and the public access 
to stand-up paddle-boarding, sailing, kayaking, and peddle boats. 
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Figure 2 A map of Poole Park lagoon including key features. 
 
Historically the lagoon was flushed on a frequent basis which regulated the 
salinity regime enough to sustain a relatively stable ecosystem. However, in 
recent years budgetary constraints have led to an infrequent flushing regime, 
leading to hypertrophic conditions and stochastic salinities. Unpleasant 
hydrogen sulphide odours and swarms of midges (Chironomidae), which 
undergo their larval phase in the mud, have been the subject of park user 
complaints and can be symptomatic of a degraded aquatic habitat. In 2015, 
the salinity varied by >25‰ throughout the year, and in early February 2015 
varied by approximately 20‰ following a single flushing event. Lagoon depth 
is predominantly <1m but reaches 1.5m in depth around the islands and in the 
northeast. Historically, sediment depth is highest in the central to southwest 
region and overall ranges between 0-200cm (Harrison et al. 2016). 
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2.2 Abiotic Data 
2.2.1 Fieldwork  
Abiotic data at Poole Park lagoon was collected on November 8th and 28th 
2017 and February 7th, 2018 with permission from Poole Borough Council and 
Natural England. The lagoon was accessed with a rigid inflatable boat (RIB). 
On November 8th and 28th, 49 sediment sample cores were obtained from 
sample points distributed approximately 65m apart on a grid using a 10cm 
diameter suction corer (see Figure 3). Samples were stored in plastic 
resealable bags and labelled with waterproof permanent marker and internally 
with waterproof paper and pen. Samples were frozen the same day to prevent 
decomposition of organic content. Aquatic and bathymetric data were obtained 
on February 7th, 2018. A ranging pole was used to determine water and 
sediment depth from a RIB and conductivity and temperature data were 
obtained using a Hach HQ40D multimeter probe.  
 
 
Figure 3 A map of sampling sites. 
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2.2.2 Laboratory Analysis 
The sediment samples were defrosted overnight, homogenised and sub 
samples were taken for sediment analysis. Organic content was measured by 
drying a homogenised subsample in a Memmert drying oven at 105˚C for 48h 
and then placing in a Carbolite chamber furnace at 450˚C for 12h and 
measuring the loss of mass on ignition (% LOI). Particle size analysis was 
obtained using a Malvern Mastersizer 3000 laser diffractometer with 
subsamples of the processed sediment. Samples were put through a 2mm 
sieve and particles greater than 2mm were weighed separately. Sieved 
samples were added to distilled water until the obscuration threshold was 
exceeded and readings commenced. Percentage silt content was determined 
by grain sizes ≤63μm and percentage sand content was determined by grain 
sizes >63μm (Wentworth 1922).  
2.3 Biotic Data 
2.3.1 Fieldwork 
Fieldwork was conducted on November 7th and 8th 2017 and access was 
obtained with a RIB. Benthic sampling was conducted according to the 
procedural guidelines for sampling sediment species using cores as detailed 
in the JNCC Marine Monitoring Handbook and as per other benthic surveys at 
local lagoons (Bone 2017; Harrison et al. 2016; Herbert et al. 2010; Dalkin and 
Barnett 2001).  Benthic fauna was sampled by taking fifty evenly distributed 
sediment cores using a 10cm diameter suction corer.  Samples were 
immediately stored in plastic resealable bags, labelled with waterproof 
permanent marker and internally with waterproof paper and pen, before being 
sieved in-situ using a 0.5mm sieve to remove fine sediments and clay lumps. 
These fauna samples were taken back to the laboratory the same afternoon 
as collection and fixed using 10% formalin and seawater and stored in plastic 
pots labelled internally and externally.  
 
Following a review of the macrozoobenthic and environmental data, pelagic 
faunal data were obtained to investigate the relationships between pelagic and 
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benthic faunal communities in areas at the minima and maxima of organic 
matter content. Pelagic fauna hereafter refers to pelagic and demersal species 
and invertebrate species missed with core sampling such as crabs. This was 
to assess how biotic interactions from pelagic fauna may influence 
macrozoobenthic spatial distribution, particularly in areas where abiotic 
variables such as organic matter appear to have a strong influence, and 
accurately reflect the three-dimensional dynamism of the lagoon benthos. 
Pelagic fauna surveys were conducted in June 2018. Sites were chosen by 
visually assessing an interpolated GIS map showing the distribution of organic 
matter content (%) (see Figure 4). Ten sites showing the lowest percentage of 
organic matter and ten sites showing the highest percentage of organic matter 
were selected from the same points where the core samples had been taken 
for accurate spatial comparison. Permission to undertake the work was 
granted by the Environment Agency.  
 
Crayfish style traps were used to obtain pelagic data (see Figure 5). A previous 
study by Harrison et al. (2016) used seine nets to obtain fish biodiversity data 
Figure 4 A map showing the distribution of benthic organic matter content in Poole 
Park lagoon. 
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but this method was used at the lagoon edges and was therefore unsuitable 
for the deeper and more central sample sites for this survey. Additionally, 
because the aim was to identify possible interactions with benthic 
macroinvertebrates, seine netting may have missed key pelagic and demersal 
nekton such as the common ditch shrimp Palaemon (Palaemonetes) varians 
(Leach 1813) and European green crabs Carcinus maenas (Linnaeus 1758). 
Crayfish style traps also had the benefit of being left in situ during nocturnal 
and crepuscular periods when many fish species are most active.  
 
A field test was conducted prior to deployment where two traps were left 
overnight about 10m apart; one was baited with a small piece of tilapia (Tilapia 
sp.) fish and the other was not baited. The baited trap caught approximately 
80 common ditch shrimp, eight common gobies Pomatoschistus microps 
(Kroyer 1838), and two European green crabs. The non-baited trap caught 
seven common gobies and 26 common ditch shrimp. Following this pilot study, 
it was decided not to use bait due to the length of time the traps would be 
deployed as the attraction of predators could lead to the mortality of other 
species caught in the traps. Additionally, the bait plume may attract individuals 
not local to the trap, providing inaccurate data (Heagney et al. 2007; Cappo et 
al. 2004).  
 
22cm 
22cm 
53cm 
Figure 5 The collapsible crayfish style trap used for this study. 
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Twenty fish traps (22x22x53cm) with a 3mm mesh size were deployed for no 
longer than 24 hours at twenty sites (see Figure 6) overnight and collected the 
following morning to catch nocturnal and crepuscular species. Due to the 
restricted availability of Rockley Watersports providing boat access, traps 
were dropped at 11.00 on Thursday 28th June and collected at 10.30 on Friday 
29th June. These timings were repeated for Thursday 19th July and Friday 20th 
July. Traps were removed from the lagoon and submerged in a tub filled with 
lagoon water on the boat to prevent mortality of sample specimens. Numeric 
abundance was determined before specimens were immediately returned to 
the site they were collected from.  
 
2.3.2 Laboratory Analysis 
The benthic fauna samples were rinsed of formalin with water in a ventilated 
fume cupboard for viewing under a microscope. Invertebrates were picked 
from the samples under a low power stereo microscope and placed in small 
tubes containing 70% Industrial Methylated Spirit (IMS) for identification and 
quality control purposes. Identification of individuals was made using 
Figure 6 Map of the twenty sample sites where pelagic fauna were sampled. One to 
ten were at sites with the highest organic matter and eleven to twenty were at sites 
with the lowest organic matter. 
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appropriate keys to highest taxonomic resolution. Specimens without a head 
were discounted, as were bivalves which did not contain living tissue. The 
ragworm H. diversicolor and amphipod M. insidiosum were measured using a 
stage micrometer calibrated with an eyepiece graticule. The width of the head 
(peristomium) and length of the body from the prostomium to pygidium (when 
entire specimen was present) was taken for H. diversicolor. For entire 
specimens, body size data were collated on a spreadsheet and a line of best 
fit was found for the linear relationship between head width to body length, to 
extrapolate body length data for incomplete specimens. The body length of M. 
insidiosum was measured from the tip of the rostrum to the tip of the telson of 
all complete specimens. 
2.4 Data Analysis 
Data were collated onto Microsoft Office Excel spreadsheets for analysis. 
Species richness (S) and numeric abundance (N) were counted. Diversity 
indices, including Margalef’s species diversity index, Shannon-Weiner index, 
and Pielou’s evenness were produced with the DIVERSITY function (Clarke 
and Gorley 2006). Generally, biodiversity indices are most useful when used 
in comparison with another dataset to identify spatial or temporal change. 
Therefore, the mean biodiversity index values for Brownsea lagoon, Seymers 
lagoon and Poole Harbour mudflats are also given. These sites were chosen 
due to their inclusion within the Poole Harbour regional network and because 
singular surveys were conducted using the same standardised methodology 
in late Autumn (Herbert et al. 2010). It should be noted however that surveys 
at Brownsea and Seymers took samples from the lagoon perimeter and were 
not as spatially comprehensive or were not conducted at a fine scale. Previous 
Poole Park lagoon data from Harrison et al. (2016) has been omitted as it is 
incompatible for the purposes of this comparison because data were only 
collected from two central points and collated over several months. 
 
Percentage of dominant taxa was also calculated. Density of individuals per 
m2 was calculated by multiplying abundance by 127.324, the quotient of 1m2 
divided by the suction core area (πr2 = 78.54). IBM SPSS v. 25 was used to 
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perform linear regressions and, where appropriate, polynomial regressions. 
Linearity was first established by visual inspection of a scatterplot. Normally 
distributed residuals were assessed by visual inspection of a normal 
probability plot. Where outliers were identified, the analyses were performed 
both with and without them.  
 
An independent samples t-test was run to identify significant differences 
between pelagic fauna of areas of high and low organic matter, and between 
the surveys of June and July. The correct values as per the outcome of the 
Levene’s Test for Equality of Variances are reported. 
 
A multivariate analysis was conducted using Primer 7th Edition software 
(Clarke and Gorely 2006). Abundance data was square root transformed to 
standardise the data and to reduce influence of extreme values. A Bray-Curtis 
similarity matrix was created for the sample sites and a cluster analysis 
(CLUSTER) was run to identify statistically significant groupings of sample 
sites based on the assumption of no known assemblage structure similarities. 
A similarity profile analysis (SIMPROF) was run to detect structure in the 
macrozoobenthic assemblages. 
 
The BEST function was used for the BIO-ENV procedure to determine which 
abiotic factors correlated with overall assemblage patterns using the 
resemblance matrix of biotic data, following a square root transformation, and 
normalised abiotic data, following a log transformation (Clarke and Gorley 
2006). The following abiotic variables were considered: Silt Content, Organic 
Matter Content (OM Content), Median Grain Size (MGS), Water Depth 
(WDepth), Sediment Depth (SDepth), Salinity, Temperature, Distance from 
Sluice Gate, Distance from Southwest Shore (Distance from SW Shore), 
Distance from East Shore (Distance from E Shore), and Distance from North 
Shore (Distance from N Shore). A draftsman plot was created of all the 
untreated variables and a visual inspection of linear relationships within some 
plots suggested co-linearity.  
 
Abiotic variables were tested for co-linearity using a Pearson correlation test  
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in SPSS. A subset of co-linear variables was identified exceeding the accepted 
threshold of 0.7; Silt Content, OM Content and MGS (Dormann et al. 2013). 
MGS was obtained from the Malvern Mastersizer output during the particle 
size analysis. MGS was chosen as a proxy to represent the co-linear sediment 
variables and Silt Content and OM Content were omitted from Primer 
computations (Clarke and Warwick 2001). To ensure this variable was the best 
representative, interpolated layers of Silt Content, OM Content, and MGS were 
visually compared on an ArcMap of Poole Park which showed that MDS was 
closely associated with Silt and adequately reflected the OM Content 
distribution. Following this, the MGS proxy variable was renamed ‘Sediment’ 
in subsequent analyses to ensure interpretation of results considers the subset 
represented and not the singular retained variable. Temperature and Distance 
from N Shore were co-linear, but both remained in subsequent analyses as 
they were not functionally related in the same way the co-linear sediment 
variables were. Distance from SW Shore and Distance from N Shore were also 
co-linear, but both remained in subsequent analyses. Co-linearity was not 
deemed to be incidental as the sample dataset was large and representative 
of the full geographic area being surveyed.  
 
Following the removal of co-linear sediment variables, a draftsman plot of 
untreated remaining abiotic variables was visually inspected, and skewed 
variables were log transformed (SDepth, Salinity, Temperature). A BIO-ENV 
procedure was run using the following abiotic variables: SDepth, Salinity, 
Temperature, Distance from Sluice, Distance from SW Shore, Distance from 
E Shore, Distance from N Shore, and Sediment. The correlation method was 
Spearman rank with 999 permutations using Euclidean resemblance.  
 
ArcMap (ArcGIS) was used to provide spatially representative maps of abiotic 
and biotic data. Abiotic data were subject to the Inverse Distance Weighted 
(IDW) interpolation function, which extrapolates abiotic variables from existing 
sample points to provide a contoured surface and show gradients across the 
lagoon area. IDW interpolation was chosen over other available interpolation 
functions as the sample points were densely and evenly distributed enough 
for IDW to capture the extent of local variation necessary for analysis. 
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Interpolation was not utilised for biotic data which were instead overlaid as 
points for visual assessment of correlations with interpolated abiotic variables.  
 
Lagoon biotopes were assigned as per the classification in Bamber (1997), 
however they are not particularly inclusive and require revision and expansion.  
3. Results 
3.1 Abiotic Conditions and Patterns 
Most environmental variables measured displayed clear spatial patterns or 
gradients (see Appendix Table 1 for full results).  
 
Sediment factors included Silt Content, MGS, OM Content, and SDepth. Silt 
Content ranged between 18.7 and 95.4% by 76.6% and had a mean value of 
73.3%. Silt Content was highest in the central-southwest region (henceforth 
referred to as the CSW) and the central-northeast region (henceforth referred 
to as the CNE) with at least 85% of particles ≤63µm. Silt Content decreases 
rapidly eastward across a defined line almost perpendicular to the sluice gate 
and is mostly 65% or less in the east, northeast and northwest edge, 
decreasing to <35% in three periphery sites in the north (see Figure 7).  
 
MGS ranged between 18.3µm and 230.4µm by 212.1µm and had a mean 
value of 57.9µm. MGS follows a very similar spatial pattern to Silt Content with 
the finest grains of ≤73µm occupying the CSW and becoming progressively 
and rapidly coarser towards the CNE, the northwest of Island One and a 
periphery site in the southeast (see Figure 7).  
 
OM Content ranged from 1.2% to 12.3% by 11.1% and had a mean value of 
7.4%. OM Content was similar in spatial distribution to MGS and Silt Content, 
with the same east, northeast and northwest periphery sites showing lower 
OM Content with ≤4.5% and the CSW showing up to 12.3%. Unlike Silt 
Content and MGS, OM Content is also low in the central east area, not just 
periphery sites (see Figure 7). 
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SDepth ranged from 0.1 to 2.0m by 1.9m and had a mean value of 0.6m. It 
shows a broadly similar pattern to the other sediment factors but is a lot 
simpler. SDepth is deepest at the central south edge at 2m, just west of the 
sluice gate. Almost a third of the SDepth is shallow with ≤0.3m in the east and 
northeast, including a southwest periphery site (see Figure 7). SDepth from 
the current study is broadly similar to the SDepth measured by Harrison et al. 
(2016) with the CSW dominated by deeper sediments and the east and 
northeast very shallow, indicating very little movement of sediments since 
2015. 
 
 
 
 
 
 
 
 
 
 
 
 
a. b. 
c. d. 
Figure 7 The distribution of sediment factors in Poole Park lagoon including a) MGS, b) 
OM Content, c) SDepth and d) Silt Content. 
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Aquatic variables included Temperature, Salinity and Water Depth (WDepth). 
Temperature ranged from 1.3°C to 3.7°C by 2.4°C, had a mean value of 2.8°C 
and was overall relatively homogenous. A southwest to northeast gradient can 
be seen with colder water in the south and becoming warmer in the northeast 
(see Figure 8). Two periphery sites on the south bank are particularly cool 
ranging between 1.3°C and 2.0°C but the sites immediately surrounding these 
anomalous points are between 2.4°C and 2.8°C which is characteristic of the 
southern temperature regime of that day.  
 
 
 
a. b. 
c. 
Figure 8 The distribution of aquatic factors in Poole Park lagoon including a) Salinity, 
b) Temperature and c) WDepth. 
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Salinity ranged from 24‰ to 26.6‰ by 2.6‰ and has a mean value of 26.4‰. 
Salinity does not follow the southwest-northeast gradients seen in other 
environmental variables and appears more northwest-southeast (see Figure 
8). Over half of the lagoon ranges between 26.3‰ and 26.6‰ and then in the 
southeast decreases to 26.0‰ with three periphery sites in this area as low as 
24‰. Two of these three points are shared with the anomalous sites for 
Temperature, suggesting a freshwater source may be locally affecting these 
areas.  
 
WDepth ranges from 0.6m to 1.3m by 0.8m and has a mean value of 0.9m 
WDepth is deepest by up to 1.3m in the central north which then decreases in 
depth to its shallowest points in the southwest and northeast corners (see 
Figure 8). Bathymetry in this study is very similar to the bathymetry recorded 
in Harrison et al. (2016). 
3.2 Overall Macrozoobenthic Biodiversity 
The overall numeric benthic abundance across the lagoon totalled 2260 
individuals with a total of 15 species and a mean density of 5873m2 which was 
influenced by sites with disproportionately higher densities; most sample sites 
were below average density with just 35% above average density. Density 
ranged from 127 individuals per m2 to 50,930 individuals per m2. The most 
abundant phylum was Crustacea (see Figure 9) with a mean density of 3448 
individuals per m2, dominated by the lagoon amphipod M. insidiosum and the 
amphipod Microdeutopus gryllotalpa (Costa 1853). The second most 
abundant phylum, and the most species rich, was Annelida with a mean 
density of 940 individuals per m2, dominated by the ragworm H. diversicolor. 
The least abundant phylum was Mollusca with a mean density of 75 individuals 
per m2, dominated by the lagoon spire snail Ecrobia (Hydrobia) ventrosa 
(Montagu 1803). Phylum Cnidaria and Class Insecta were the least 
taxonomically rich with only one representative species each, though with 
relatively high mean densities of 868 and 541 individuals per m2 respectively. 
Lagoon specialists, indicated with an asterisk * in Table 1, comprised 52% of 
the fauna with a mean density of 3061m2 (Bamber et al. 2001). Non-native  
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and cryptic species (including the anemone N. vectensis), indicated with ▲ in 
Table 1, comprised 15% of the fauna with a mean density of 891m2. M. 
arenaria is included as a cryptic species as, although historically native, it 
became extinct in the Pleiocene Epoch 1.6 million years ago and has since 
been introduced from extant populations in the 1500s or 1600s (Petersen et 
al. 1992; Foster 1946). 
Figure 9 The spatial distribution of phylum assemblages. 
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Table 1 The species, mean and maximum density of the macrozoobenthic fauna of 
Poole Park. Note that the minimum density for all species was 0. 
Scientific Name Common Name 
Mean 
Density (m2) 
Maximum 
Density (m2) 
PHYLUM CNIDARIA    
Nematostella vectensis*▲ Starlet sea anemone 867.88 9803.90 
PHYLUM ANNELIDA    
Ficopomatus enigmaticus▲ Australian tubeworm 2.60 127.32 
Hediste diversicolor Ragworm 649.61 7512.10 
Phyllodoce mucosa Polychaete 2.60 127.32 
Polydora sp. Polychaete 202.68 2164.50 
Tubificoides sp. Oligochaete 83.15 3055.80 
PHYLUM CRUSTACEA    
Gammarus locusta Amphipod 15.59 381.97 
Melita palmata Amphipod 44.17 763.94 
Microdeutopus gryllotalpa Amphipod 1239.46 14515.00 
Monocorophium insidiosum* Amphipod 2148.92 18462.00 
PHYLUM MOLLUSCA    
Cerastoderma glaucum* Lagoon cockle 12.99 254.65 
Ecrobia ventrosa* Lagoon spire snail 31.18 509.3 
Mya arenaria▲ Sand gaper 20.79 763.94 
Peringia ulvae Spire snail 10.39 381.97 
PHYLUM INSECTA    
Chironomidae sp. Chironomid larvae 540.48 3819.70 
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Table 2 Regression analyses for overall density and abiotic factors. Significant p 
values in bold. Site 34 was a consistent outlier for all regression analyses. 
 
Overall invertebrate density was significantly negatively correlated with OM 
Content, Silt Content and Salinity and significantly positively correlated with 
MGS (see Table 2, Figure 10). Density was lowest in the CSW portion of the 
lagoon and highest around the north and eastern edge. Density peaked at Site 
34, which was consistently flagged as an outlier in regression analyses, with 
50,928 individuals per m2. Density was poorest at Site 4 with just 1 individual 
in the core sample, extrapolated to a density of 127 individuals per m2.  
 
Species richness was significantly negatively correlated with OM Content, 
SDepth, Silt Content and significantly positively correlated with Distance from 
SW Shore and MGS (see Table 3, Figure 11). Species richness was lowest in 
the CSW portion of the lagoon and highest around the north and eastern edge. 
Species richness peaked at Site 34, which was consistently flagged as an 
Density and Abiotic Factors of Poole Park Lagoon 
Variable Regression R2 DF F p 
Unstandardized 
Co-efficient B 
OM Content Linear 10.8 1, 47 5.709 0.021 -864 
Silt Content Linear 12.8 1, 47 6.879 0.012 -158 
MGS Linear 14.2 1, 47 7.778 0.008 60.222 
SDepth Linear 6.8 1, 47 3.455 0.069 -3948 
Temperature Quadratic 4.2 2, 46 1.006 0.373 4271 
Salinity Quadratic 12.6 2, 46 3.326 0.045 -8588 
WDepth Linear 0.7 1, 47 0.342 0.562 -4606 
Distance 
from SW 
Shore 
Linear 9.2 1, 47 4.786 0.034 16 
Distance 
from E Shore 
Linear 4.3 1, 47 2.095 0.154 -13 
Distance 
from N Shore 
Linear 5.5 1, 47 2.722 0.106 -13 
Distance 
from Sluice 
Linear 0.4 1, 47 0.172 0.68 4.57 
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outlier in regression analyses, with 11 species. Richness was poorest at Sites 
4, 8, 15, 40 and 46 with 1 species. Mean species richness was 4. 
Table 3 Regression analyses for species richness and abiotic factors. Significant p 
values (<0.05) in bold. 
Species Richness and Abiotic Factors of Poole Park Lagoon 
Variable Regression R2 DF F p 
Unstandardized 
Co-efficient B 
OM Content Linear 14.2 1, 47 7.757 0.008 -0.277 
Silt Content Linear 17.8 1, 47 10.151 0.003 -0.053 
MGS Linear 17.2 1, 47 9.761 0.003 0.019 
SDepth Linear 13.4 1, 47 7.263 0.01 -1.548 
Temperature Linear 2.0 1, 47 0.953 0.334 0.754 
Salinity Quadratic 7.2 2, 46 1.771 0.181 -1.723 
WDepth Linear 1.9 1, 47 0.902 0.347 -2.086 
Distance 
from SW 
Shore 
Linear 9.2 1, 47 4.747 0.034 0.004 
Distance 
from E 
Shore 
Linear 5.4 1, 47 2.709 0.106 -0.004 
Distance 
from N 
Shore 
Linear 4.1 1, 47 1.985 0.165 -0.003 
Distance 
from Sluice 
Linear 0.1 1, 47 0.033 0.858 0.001 
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Figure 10 Overall density with significantly associated abiotic variables, including maps of the 
spatial distribution of abiotic gradients and invertebrate density and scatter graphs 
demonstrating relationships. a) OM Content, b) MGS, c) Salinity and d) Silt Content. 
a. 
b. 
c. 
d. 
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b. 
c. 
d. 
Figure 11 Species richness with significantly associated abiotic variables, including maps of 
the spatial distribution of abiotic gradients and species richness and scatter graphs 
demonstrating relationships. a) OM Content, b) MGS, c) SDepth and d) Silt Content. 
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3.3 Matching Abiotic Variables to Assemblages 
BIO-ENV indicated that the BEST matching environmental variables to the 
resemblance matrix of the square root-transformed data was SDepth with a 
Spearman rank correlation (Rho) of 0.130 and significance value of 0.46. The 
addition of Temperature or OM Content to Sdepth, which were included in the 
next best models, reduced the correlation further to 0.105 and 0.099 
respectively. These correlations are quite low. Variables Distance from Sluice, 
Distance from SW Shore, and Distance from E Shore were not among the top 
ten correlations.  
3.4 Biodiversity Indices 
Shannon-Weiner, Margalef and Pielou’s Evenness biodiversity indices were 
used to assess biodiversity (see Table 4) though their relative values varied.  
Table 4 The Shannon-Weiner, Margalef and Pielou's Evenness biodiversity indices 
of Poole Park lagoon. 
Biodiversity Index Range Mean 
Shannon-Weiner (H’) 0 – 1.84 0.95 
Margalef (d) 0 – 1.82 0.96 
Pielou’s Evenness (J) 0 - 1 0.68 
 
For example, Site 2 only had 3 species and a numeric abundance of 3 but 
scored above average for all three indices (Shannon-Weiner: 1.10, Margalef: 
1.82, Pielou’s Evenness: 1.0), as the distribution of abundance between 
species was evenly split and there was no overwhelming dominance. Site 6 
had 7 species and a numeric abundance of 50 but scored below average for 
all three indices, as 4 of those species only numbered 1 individual, with the 
remaining abundance distributed between the remaining 3 species (Shannon-
Weiner: 0.31, Margalef: 0.42, Pielou’s Evenness: 0.44).  
 
The biodiversity indices for Brownsea, Seymers, Poole Park lagoon and Poole 
Harbour mudflats were compared (see Table 5). 
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Table 5 The Shannon-Weiner, Margalef and Pielou's Evenness biodiversity indices 
of comparative lagoon sites Brownsea, Seymers and Poole Park and Poole Harbour 
mudflats (Bone 2017; Herbert et al. 2010). 
Poole Harbour Site 
Shannon-Weiner 
(H’) 
Margalef (d) 
Pielou’s Evenness 
(J) 
Brownsea Lagoon 1.67 2.01 0.63 
Seymers Lagoon 0.84 0.97 0.86 
Poole Harbour Mudflats 1.49 1.28 0.63 
Poole Park Lagoon 0.95 0.96 0.68 
 
As previously noted by Bone et al. (2017), though in reference to historic Poole 
Park macrozoobenthic data (Harrison et al. 2016), Poole Park and Seymers 
lagoon are most similar in biodiversity as both are considered eutrophic 
degraded habitats, though Poole Park ranks lower overall. Poole Harbour 
mudflats and Brownsea lagoon rank considerably higher with Margalef and 
Shannon-Weiner and have much higher species richness and abundance than 
Seymers or Poole Park. However, both rank lower with Pielou’s Evenness at 
0.63.  
3.5 SIMPROF Analysis and Groupings 
This study has collected comprehensive assemblage data which the Primer 
SIMPROF function divided into four statistically significant groupings (groups 
A, B, C and D) (see Figure 12). Statistically significant groups are denoted by 
Figure 12 The SIMPROF groupings of Poole Park lagoon. 
D 
A 
B C 
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complete black lines. The assemblages, species richness, and relative 
abundance of these groupings was analysed with reference to complementary 
abiotic data, to identify trends and patterns.  
3.5.1 Group A 
Group A notably consisted of Site 41 only and is characterised as a site of 
extremes; it exhibited the lowest Silt Content (54.58%), OM Content (3.67%) 
and SDepth (0.06m) and the highest Temperature (3.3°C). Its faunal 
assemblage consisted of relatively rare species; one snail E. ventrosa, and 
one amphipod Gammarus locusta (Linnaeus 1758). Site 41 was in the north 
east immediately adjacent to Reedbed 2 that enclosed a small section of 
water, so would experience high energy conditions when windy. It was also 
relatively shallow, which likely accounted for the higher Temperature. Its 
proximity to a structure may have led to a local high abundance of fish 
predators that limited richness and abundance, in addition to coarser sediment 
just 6cm in depth, limiting its capacity to support infaunal invertebrates.  
3.5.2 Group B 
Group B consisted of 10 samples (Sites 4, 9, 10, 15, 17, 24, 28, 40, 45, 46) 
and was characterised by very low abundances (n = ≤19, mean = 7.6), low 
species richness (S = ≤4, mean = 2, total S = 6) and was dominated almost 
exclusively by amphipods (92%), including M. insidiosum, M. gryllotalpa, and 
Melita palmata (Montagu 1804). Group B also included all four monospecific 
sites dominated by the lagoon amphipod M. insidiosum. Other invertebrates 
within this grouping included the annelid Phyllodoce mucosa (Orsted 1843), 
which was singularly present at Site 9, two Chironomid larvae, two anemones 
(N.vectensis), and C. glaucum singularly present at Site 45. Group B had the 
highest mean Silt Content, OM Content and deepest SDepth with 83.52%, 
9.46% and 0.93m respectively. Mean Salinity and Temperature was 26.53‰ 
and 2.81°C respectively. Spatially these sites were clustered in two main 
areas; the central-south region and the northeast region, with one inside the 
Model Boating Area. The low abundance and richness of this group, 
particularly low abundances of predominantly infaunal species, is indicative of 
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hostile conditions, supported by the unfavourable sediment factors which 
would suggest hypoxic-sulphidic sediments. Motile amphipods dominate these 
sites likely due to their capacity to swim to more favourable conditions when 
necessary.  
3.5.3 Group C 
Group C consisted of 26 samples (Sites 1, 3, 6, 7, 11, 13, 14, 16, 19, 20, 21, 
23, 25, 27, 29, 31, 33, 34, 38, 42, 43, 44, 47, 48, 49, 50) and was characterised 
by higher than average abundances (mean = 79, n = 11 to 400) and higher 
than average species richness (mean = 5.7, S = 2 to 11, total S = 14). 
Amphipods M. insidiosum, M. gryllotalpa, M. palmata, and G. locusta 
dominated taxa again by 60% but Group C assemblages were characterised 
by a higher proportion of annelid worms (17%), including H. diversicolor, 
Polydora sp. and Tubificoides sp., which dominated five sites and were 
present in 20 of 26 sites. A higher proportion of infaunal and epifaunal molluscs 
and N. vectensis were also present. The anomalous Site 34 was included in 
this grouping, with an overall abundance of 400 and a total of 11 species. 
Other invertebrates within this grouping included one Australian tubeworm 
Ficopomatus enigmaticus (Fauvel 1923) individual singularly present at Site 
38, Chironomid larvae, Hydrobiid snails Peringia (Hydrobia) ulvae (Pennant 
1777) and E. ventrosa, bivalves C. glaucum and M. arenaria, and the anemone 
N. vectensis. The mean SDepth for Group C was 0.48m and had a moderate 
mean OM Content of 6.63%, and a moderate mean Silt Content of 67.61%. 
Mean Salinity and Temperature was 26.28‰ and 2.84°C respectively. The 
moderate sediment factors at these sites have facilitated the colonisation of 
greater numbers of infaunal species as the sediment is likely to be better 
oxygenated and little to no interstitial hydrogen sulphide. The predatory non-
native anemone N. vectensis is present at these sites where there are higher 
abundances of prey species. 
 
Site 34 is situated between two hard structures; the Concrete Walkway to the 
southeast and Reedbed 2 to the north. Hard structures within a soft-bottomed 
habitat represent areas of productivity due to their capacity to be colonised by 
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species that require a hard substrate, and the habitat complexity this creates 
for other species. The Concrete Walkway is encrusted with Australian 
tubeworm reefs which anecdotally are sites of high densities of motile species 
feeding and seeking shelter among the calcareous tubes, including isopods, 
common ditch shrimp, gobies and unidentified fish fry. Bryozoans and green 
algae have also been seen growing on the reefs. However, this anomalous 
site supports the need for taking more than one sample at each site to 
compare same-site samples to see if there is much biotic variation on a 
microspatial scale, particularly as it was adjacent to Site 41, with only nine 
individuals of one species present. 
3.5.4 Group D 
Group D consisted of 12 samples (Sites 2, 5, 8, 12, 18, 22, 26, 30, 32, 36, 37, 
39) and was characterised by lower than average abundances (n = ≤22, mean 
= 9.8) and low species richness (S = ≤4, mean = 3, total S = 6). The overall 
dominant taxa were Chironomid larvae (55%) and was the dominant taxa in 
10 of 12 sites, including the fifth monospecific site. Group D also included the 
ubiquitous amphipods M. insidiosum and M. gryllotalpa, which were the 
second most abundant phylum (17%), and low abundances of annelid worms 
H. diversicolor and Polydora sp.. The anemone N. vectensis was also present 
in low abundances and a single Hydrobiid snail P. ulvae was present at Site 
12. Group D had a mean high Silt and OM Content and relatively deep SDepth 
with 78.83%, 7.62% and 0.71m respectively. Salinity and Temperature were 
26.33‰ and 2.72°C respectively. There was no clear spatial pattern for this 
grouping, but Group D assemblages did not stretch to the northeast corner or 
eastern edge of the lagoon.  
3.5.5 Spatial Distribution of SIMPROF Groupings 
When mapped, the distribution of the SIMPROF groupings do not display any 
clear spatial distribution patterns. As SDepth was identified by BIO-ENV to be 
weakly associated with macrozoobenthic assemblages, an interpolated 
SDepth layer was added to the map (see Figure 13). 
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Group B was predominantly clustered within central and southern deeper 
SDepth areas, but four sites were in the shallower northeast. Group C was 
predominantly clustered within shallow SDepth areas throughout the lagoon, 
but four sites were in the deeper central to southern area. Group D can be 
found on the fringes of the central deeper SDepth area, with some sites in both 
the deepest and shallowest areas, with no discernible pattern. Group A, the 
single site, is in the shallow northeast.  
3.6 Lagoon Biotopes 
Considering the English and Welsh Biotopes (Bamber 1997) Group C and D 
was best suited to ENLag.IMS.Ann, infralittoral muddy sand with Chironomids, 
Hydrobiids, H. diversicolor, C. glaucum, and amphipods. Group B was best 
suited to ENLag.Veg with its high OM Content and strong dominance of 
amphipod crustaceans.  
Figure 13 The spatial distribution of statistically significant SIMPROF groupings in 
Poole Park lagoon with SDepth. 
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3.7 Invertebrate Distribution 
Every site sampled was populated with invertebrates. Of the 49 sample sites, 
10% were monospecific, with four sites dominated by the lagoon amphipod M. 
insidiosum and one site dominated by Chironomid larvae. The abundance at 
these monospecific sites did not exceed nine individuals. At 59% of sites (29 
of 49) the dominant taxa were amphipod species, either M. insidiosum, M. 
gryllotalpa or on one occasion G. locusta with a dominance ranging from 33% 
to 100% of the assemblage. The second most abundant taxa were Chironomid 
larvae occurring at 22% of sites (11 of 49) with a dominance ranging from 33% 
to 100% of the assemblage.  
 
The least numerically abundant species (<20) included the Hydrobiid snails P. 
ulvae and E. ventrosa, the bivalves M. arenaria and C. glaucum, the 
polychaetes F. enigmaticus and P. mucosa, and the amphipods M. palmata 
and G. locusta. Apart from P. ulvae and the polychaetes, these relatively rare 
species can be found at Site 34 or its neighbouring sites, indicating a hot spot 
for species richness. The results for the anemone N. vectensis can be found 
in Chapter Two.  
3.7.1 Annelids 
The F. enigmaticus individual was found still within its calcareous tube on the 
southwest corner of Island One, presumably having dislodged from a  
reef colonising the Island fencing (see Appendix Figure A1). The P. mucosa 
individual, a carnivorous scavenger normally occurring in estuarine and soft-
bottomed coastal areas, was found in the southwest centre in the area of high 
Silt and OM Content (see Appendix Figure A1). 
 
The most abundant annelid H. diversicolor was largely absent from the CSW 
and CNE and most abundant along the west side of the Concrete Walkway, 
around the northwest edge and Islands and peaked at Site 38 (see Appendix 
Figure A1).  
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The annelid Polydora sp. was completely absent in the CSW right up to the 
southwest bank and in the CNE (see Appendix Figure A2). It occurred in low 
abundances around the Island One, northeast edge, Sites 33 and 34, by the 
sluice gate and west of the Concrete Walkway. The oligochaete Tubificoides 
sp. occurred at just four sites and was otherwise completely absent throughout 
the lagoon (see Appendix Figure A2). It was found at Site 34, in the southeast 
corner and northwest of Island One. 
3.7.2 Crustaceans 
The amphipods M. gryllotalpa and M. insidiosum were the most abundant 
species and accounted for several monospecific sites. However, though 
singularly present, M. insidiosum was by no means abundant with a maximum 
of nine individuals at the most abundant monospecific site, suggesting hostile 
conditions were not limited to the sediment. M. gryllotalpa was present at most 
sites and scattered throughout the lagoon with no discernible site groupings 
where they were consistently absent (see Appendix Figure A2). M. insidiosum 
was present at all but eight sites, peaking at Site 34, and was also notably 
abundant in the northeast corner (see Appendix Figure A3). Three sites M. 
insidiosum was absent from were clustered around the northwest-west edge 
by The Kitchen Café. 
 
M. palmata was distributed fairly randomly, occurring in sites in the centre and 
perimeter and in the northwest, east and west (see Appendix Figure A3). G. 
locusta was found at Site 34 and an adjacent site, and two perimeter sites; 
one adjacent to the sluice gate and another in the southwest corner (see 
Appendix Figure A3).  
3.7.3 Molluscs 
P. ulvae was found at two sites, one on the south perimeter and one near the 
centre, both high Silt and OM Content sites (see Appendix Figure A4). E. 
ventrosa was not only more abundant than P. ulvae, its distribution was more 
widespread; predominantly in the northeast around Reedbed 2 and also found 
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at the southern site with P. ulvae (see Appendix Figure A4). Empty shells of 
both species were more abundant in samples than live specimens.  
 
M. arenaria was found at Site 34 and at two perimeter sites adjacent to the 
Sluice Gate (see Appendix Figure A4). All M. arenaria individuals were <1cm 
in size, suggesting one of two things; that conditions are unfavourable for rapid 
growth or that they were recently recruited juveniles (<1 year).  
 
C. glaucum was found at one site in the southwest corner but the majority were 
found in three sites in the northern area (see Appendix Figure A5). The high 
energy of the north is likely favourable for these filter feeding bivalves. 
Specimens were a mixture of juveniles and young adults (<2cm). 
3.7.4 Chironomid Larvae 
Chironomid larvae were largely absent in the CSW and central northeast, 
though the site at which they were the sole species occurred in the southwest 
(see Appendix Figure A5). There were no areas where Chironomid larvae 
were particularly abundant though they peaked in numbers in the northeast 
corner.  
 
Although many species demonstrated areas of particularly high abundance or 
areas where they were notably absent, their spatial distribution was patchy 
overall. Many species had singular sites of absence or high abundance 
scattered randomly throughout. High abundance sites were often adjacent to 
sites where the same species was absent and vice versa, demonstrating the 
characteristically patchy nature of lagoon macrozoobenthic species and 
assemblages.  
3.8 Size Classes 
3.8.1 Lagoon amphipod M. insidiosum 
Some specimens were unavailable for measuring after being sent for 
identification and some were too fragile and broke when being handled. 
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Nonetheless 688 individuals were measured, comprising 83% of the total 
abundance for M. insidiosum. Approximately 70% were between 1.1-2.0mm 
and frequency decreases either side of this (see Figure 14). This pattern is 
reflected at sites with higher abundances. The largest individuals (3.6-4.0mm) 
were found at Site 23 with all other size classes present (see Figure 15). Six 
sites that comprised of just one size class were always between 1.6-2.0mm. 
Size classes ranged the most along the Concrete Walkway and along the west 
bank. There was no discernible pattern with environmental variables. 
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Figure 14 The size class frequency for the amphipod M. insidiosum. 
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3.8.2 Ragworm H. diversicolor  
Seventy percent of H. diversicolor specimens were measured, with some 
being too fragile to handle. The dominant size class was 0-1.0cm and there 
was a negative correlation between frequency and size class (see Figure 16). 
No specimen exceeded 7cm though H. diversicolor can grow to twice this size. 
Size class 1.1-2.0cm occurs in all but two sites (see Figure 17). Seven sites 
were dominated by a single size class which was either 1.1-2cm or 3.1-4cm. 
Sites in the north exhibited the greatest variety of size classes and greater 
abundances, particularly around Island One and both Reedbeds. Conversely 
the largest specimens (6.1-7.0cm) were found in the southeast by the 
Concrete Walkway. 
Figure 15 The size class distribution of the lagoon amphipod M. 
insidiosum. 
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Figure 17 The size class distribution for the ragworm H. diversicolor. 
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Figure 16 The size class frequency for the ragworm H. diversicolor. 
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3.9 Pelagic Fauna 
Fauna caught in the fish traps were dominated by P. varians and P. microps 
(see Table 6). This differed from the most recent previous survey which was 
dominated by three-spined sticklebacks Gasterosteus aculeatus (Linnaeus 
1758) and recorded a greater species richness with six fish species (Harrison 
et al. 2016). However, a comparison cannot be sensibly drawn due to differing 
survey methodology, time of year and location within the lagoon. Additionally, 
it should be noted that the lagoon underwent an accidental drain on a neap 
tide on May 8th, 2018 and took an additional 4 days to return to average 
volume. Anecdotal accounts of the lagoon described it as a large muddy 
puddle with some of the marginal sediment emersed (Rockley Watersports, 
personal communication). During the four days it was below average water 
height, the weather was consistently sunny, and the air temperature was as 
high as 21°C. Such conditions may have led to the mass mortality of some 
species, including fish who would have been forced into a smaller area and 
higher densities in unusually hot and potentially hypersaline conditions due to 
evaporation.  
Table 6 Pelagic species and abundances of Poole Park lagoon. 
 
 
There was no significant correlation with invertebrate density with C. maenas, 
P. varians or P. microps abundance overall (see Table 7). This is unsurprising, 
given the time that has elapsed between their respective survey dates. P. 
varians abundance was highest at Site 1 for both surveys and lowest at Site 
18 for June and absent at Sites 11 and 20 for July. P. microps were most 
abundant at Sites 8 and 13 for June and Site 15 for July. It was least abundant 
Scientific Name Common Name June July TOTAL 
PHYLUM CRUSTACEA     
Carcinus maenas European green crab 11 8 19 
Palaemon varians Common ditch shrimp 261 293 554 
PHYLUM CHORDATA     
Gasterosteus aculeatus Three-spined stickleback 0 6 6 
Pomatoschistus microps Common goby 229 228 457 
TOTAL ABUNDANCE: 501 535 1,036 
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at Site 4 for June and absent at Sites 3, 8, and 9 for July. C. maenas were 
found at seven sites in June but only four in July. Abundances for the three 
species was not significantly different between surveys. G. aculeatus was 
found only in July in low abundances. 
Table 7 Regression analyses for overall invertebrate density and pelagic abundance 
of Poole Park lagoon. Site 16 was a consistent outlier in all regressions. 
Invertebrate Density and Pelagic Abundance of Poole Park Lagoon 
Variable Regression R2 DF F p 
Unstandardized 
Co-efficient B 
C. maenas 
Total  
Linear 1.5 1, 18 0.276 0.605 -892.732 
G. aculeatus 
Total 
Linear 2.5 1, 18 0.464 0.505 2256.277 
P. microps 
Total 
Linear 0.5 1, 18 0.082 0.778 50.042 
P. varians 
Total 
Linear 3.2 1, 18 0.601 0.448 -111.297 
 
In June, P. microps were found in almost equal abundances in the high OM 
area and low OM area (see Figure 18). P. varians abundance was 
considerably higher in the high OM area. C. maenas were in higher 
abundances in the low OM area. In July P. microps abundance was more than 
four times greater in the low OM area than the high OM area. Conversely P. 
varians abundance was almost twice as great in the high OM area than the 
low OM area. G. aculeatus were found only at three sites in the northeast of 
the lagoon in the low OM area with none found in June.  
 
The traps were notably weedier with filamentous green algae in July when 
recovered, particularly in the high OM area. In June, no fouling was observed 
apart from Site 18 in Reedbed 2 by the large freshwater Pipe L8. July’s survey 
followed a period of drought conditions in the UK, with record-breaking hot 
weather and just over 20% of the average rainfall for June-July in southwest 
England (Shukman 2018). Furthermore, a larger proportion of P. microps 
caught in July were larger, approximately 3-4cm, some with dorsoventral 
swelling in the pelvic area. This swelling could indicate fish that were in 
breeding condition. In July, several of the traps contained small proportions of 
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dead P. microps with visible lacerations, possibly due to attempted predation 
by C. maenas outside the traps. Many of P. varians caught in July were much 
smaller (<2cm) than those caught in June. The decrease in P. varians and 
increase in P. microps and vice versa in both survey areas in July suggests 
that predation of P. varians by P. microps may be a factor in determining their 
distribution; particularly noting the differences in size classes.  
3.9.1 Temporal Differences in Pelagic Abundance 
There was no significant difference between P. microps abundance (F = 3.467, 
df = 38, p = 0.987), between P. varians abundance (F = 0.782, df = 38, p = 
0.648), between C. maenas abundance (F = 0.160, df = 38, p = 0.607), or 
between G. aculeatus abundance (F = 14.124, df = 19, p = 0.110) in June and 
July.  
3.9.2 Spatial Differences in Pelagic Abundance 
There was a significant difference between P. microps abundance (F = 0.730, 
df = 38, p = 0.015) and between P. varians abundance (F = 3.130, df = 38, p 
= 0.011) in the area of high OM Content (Sites 1-10) and low OM Content 
(Sites 11-20). There was no significant difference between C. maenas 
abundance (F = 11.417, df = 26.939, p = 0.057) and between G. aculeatus 
abundance (F = 14.124, df = 19, p = 0.110) in the area of high OM Content 
and low OM Content.  
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a. 
b. 
c. 
Figure 16 The spatial distribution of pelagic fauna in a) June, b) July and c) 
overall. 
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4. Discussion 
This study aimed to determine the primary abiotic and biotic factors 
responsible for the spatial distribution of lagoon macrozoobenthic communities 
and species. Following a spatially comprehensive survey of biodiversity and 
abiotic variables, it was found that species richness and abundance were not 
correlated with proximity to the Sluice Gate (p = 0.86 and p = 0.68 respectively) 
as predicted.  
 
Species richness was significantly positively correlated with MGS and 
Distance from SW Shore, and significantly negatively correlated with OM 
Content, SDepth and Silt Content (see Table 3). Invertebrate density was 
significantly positively correlated with MGS and Distance from SW Shore, and 
significantly negatively correlated with OM Content, Salinity and Silt Content 
(see Table 2). Considering all abiotic factors, a BIOENV procedure yielded no 
statistically significant combination of variables that explained the faunal 
assemblages but identified SDepth as the abiotic factor that fit the best (Rho 
= 0.13, significance value = 0.46). 
 
There were no significant correlations between pelagic species and 
invertebrate density. However, this should be interpreted with caution as the 
sampling periods were seven months apart and during different seasons (late 
Autumn and early summer respectively) and faunal communities are likely to 
exhibit temporal patterns not reflected in this study. On a broad spatial scale, 
it is evident that invertebrate density and richness are influenced primarily by 
physico-chemical factors within the lagoon ecosystem.  
4.1 Sediment Factors in Poole Park Lagoon 
Sediment factors, such as MGS, Silt Content, OM Content, and SDepth, are 
key variables in determining the spatial distribution of Poole Park lagoon’s 
biodiversity. This is also seen in Seymers lagoon and Poole Harbour and is a 
common primary or secondary factor in soft-bottomed ecosystems (Bone 
2017; Herbert et al. 2010; Labrune et al. 2008; Jayaraj et al. 2008, van Hoey 
et al. 2004; Weston 1988). Grain size and organic matter content is indicative 
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of other unmeasured associated variables such as interstitial space available, 
hydrogen sulphide content, and oxygen availability, which will also influence 
the distribution of infaunal invertebrates. Without measuring these variables, it 
is impossible to be certain that the sediment variables are truly responsible for 
determining spatial distribution of invertebrates and not one or a combination 
of several unknown but co-linear variables. However, the sediment variables 
measured in this study are likely to be representative of other associated 
variables, like hydrogen sulphide content, and these compounding factors will 
be jointly influential in what species can colonise the sediments. Organic 
enrichment, represented in this study by OM Content (LOI%), can lead to low 
dissolved oxygen and the by-products of decomposition such as hydrogen 
sulphide and ammonia (Gray et al. 2002). Low concentrations of H2S is lethally 
toxic to invertebrates and, combined with hypoxic conditions, can lead to mass 
mortality from physiological stress (Vismann 1991). Siltier sediments are often 
associated with greater organic matter content due to similar settling velocity 
and greater surface area of finer particles adsorbing organic carbon (Burone 
et al. 1993; Tyson 1995; Hedges et al. 1993). 
4.1.1 Deposition in a Tidally Restricted Lagoon 
The spatial distribution of significantly associated sediment variables, as 
interpolated map layers on ArcMap, show a consistent central to south west 
area that is associated with the maximum or minimum values for sediment 
variables, also visually demonstrating their co-linearity (see Figure 7). The 
CSW area is associated with high Silt Content and greater MGS, high OM 
Content and greater SDepth, and a hydrogen sulphide odour when sediment 
samples were taken. As Poole Park lagoon is tidally restricted, it is highly likely 
that wind-induced mixing is a crucial factor determining the distribution and 
sorting of sediment grain sizes and the areas that accumulate organic matter, 
such as floating algal mats or fallen leaves (Barnes 1994). Given prevailing 
wind direction is south-westerly, linear regressions were performed to find 
associations between the southwestern corner of the lagoon and measured 
abiotic variables (Weather Online 2018). OM Content, Silt Content, and 
SDepth were significantly negatively correlated with Distance from the SW 
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Shore, indicating that fetch built up over the lagoon from the southwest 
direction leads to greater velocity of wave action in the northeast corner. The 
large size and wide shape of Poole Park lagoon satisfies the “low aspect ratio” 
criteria that favours increased wind fetch and turbulence (Bamber et al. 2001; 
Covey 1999).  
 
Waves can be seen in the northeast corner on windy days, with sea foam 
blowing over the adjacent road on particularly blustery days. The decreasing 
water depth from southwest to northeast would further promote the 
development of waves and the interaction between the benthic habitat and 
wind-induced mixing. Lower velocity in the CSW has led to greater deposition 
of siltier sediments and the accumulation of organic matter and thus deeper 
sediments overall. The Train Track that borders the south edge of the lagoon 
is acts as a wind break, preventing south westerly winds from dispersing 
accumulated floating organic matter in the southwest corner. Deposition of fine 
sediments and accumulation of organic matter in central regions is also 
demonstrated in the Mellah lagoon, Algeria, and in several Scottish lagoons 
(Magni et al. 2015; Covey 1999). Therefore, it is likely that the interaction 
between lagoon physiography and bathymetry has facilitated the deposition of 
silt and organic matter in the CSW and led to greater disturbance in the 
northeast. Thus, these areas are relatively species poor and low in abundance.  
4.2 Aquatic Factors in Poole Park Lagoon 
Aquatic variables measured in this study, apart from salinity and density, were 
not found to be significantly associated with overall invertebrate biodiversity. 
Temperature ranged by 2.6°C across the lagoon and appeared relatively 
homogenous on a horizontal spatial scale, regardless of proximity to the Sluice 
Gate or freshwater Pipes. The northeast was overall warmer and significantly 
positively correlated with distance from the southwest corner, likely due to its 
shallower depth and increased time exposed to sunlight at that time of year.  
 
Salinity is negatively correlated with density and reduced salinity may 
negatively impact the numeric abundance of invertebrates that are able to 
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tolerate hyposaline conditions. The salinity of the lagoon was relatively 
homogenous with a range of 2.5‰, apart from three perimeter sites which 
exhibited lower salinities around 24‰. One of these sites is adjacent to 
freshwater Pipe L2. However, salinity was measured at the water’s surface, 
thus the salinity in the benthic environment and interstices is unknown.  
4.2.1 Stratification in a Tidally Restricted Lagoon 
Stratification in tidally restricted lagoons is common, and so the degree of 
vertical mixing for salinity is not known for Poole Park (Barnes 1980). Wind-
induced mixing and wave action is likely to play an important role determining 
various abiotic factors in the absence of a current in tidally-restricted lagoons 
(Bamber et al. 2001). Thus, shallower and high energy areas such as the 
northeast of the lagoon are likely to be well-mixed. Salinity in Poole Park rises 
sharply following a flush event, from 6‰ to 27‰ in one case, with the interim 
salinity dependent on freshwater input (rainfall) (Harrison et al. 2016). The 
salinity gradient within Poole Park lagoon was relatively stenohaline and this 
homogeneity is likely due to wind-induced mixing. Thus, fluctuations in salinity 
may be more relevant to Poole Park on a temporal scale than on a spatial 
scale. Well-mixed waters also tend to be species poor as niches associated 
with hypo or hypersalinity are not available for colonisation by lagoon 
specialists, which must instead compete with estuarine generalists. Lagoons 
that maintain a salinity regime of 18-24‰ are more likely to develop specialist 
fauna dominated by H. diversicolor and Corophiid amphipods (Ouisse et al. 
2011; Bamber et al. 2001; Robertson 1993). As Poole Park lagoon is large 
and wide, it’s capacity to support a diverse invertebrate assemblage is limited 
(Bamber et al. 2001; Covey 1999). This limitation is compounded by its 
restricted and infrequent flushing regime and freshwater input of surface water 
discharge, making it vulnerable to eutrophication and hyposalinity events.  
 
It is likely that salinity is a secondary factor in determining invertebrate 
distribution. While hypoxic-sulfidic sediments determine macrozoobenthic 
organisms on a spatial scale and will remain relatively stable, salinity is likely 
to determine distribution on a temporal scale with weather-dependent 
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freshwater input and flush events resulting in a stochastic salinity regime 
(Dauvin et al. 2017). For example, proximity to Sluice Gate and freshwater 
Pipes may influence distribution on a secondary spatial scale during flush and 
rain events. This stochastic dynamism is typical of coastal lagoons (Barnes 
1999). The absence of evidence in this study that proximity to the sluice gate 
is not correlated with abiotic gradients is not evidence that they don’t occur 
(Altman and Bland 1995). Indeed, horizontal salinity gradients may occur 
immediately post flush, and sediments may experience sorting during the 
velocity incurred by ebb and flood currents during a spring tide drain and flush 
event. The sedimentary factors often show a narrow gradient change 
perpendicular to the sluice which may be indicative of sorting during flush 
events. However, flushes are infrequent compared to the consistent wave 
energy derived from prevailing SW winds. Thus, sluice gate gradients may 
exist only in the short term.  
 
Though salinity was not recorded to be lower than average at these sites 
during this study, the faunal assemblages at Sites 37, 38, 42 and 43 are 
indicative of an environment that undergoes hyposaline events. The 
dominance of tolerant H. diversicolor and opportunistic Chironomid larvae are 
species that are typically found near freshwater inputs and can tolerate 
salinities as low as 6‰ (Ouisse et al. 2011; Bamber 2001; Fritzsche and von 
Oertzen 1995). Sites 37, 38 and 43 are adjacent to Pipe L8 and Site 42 is 
adjacent to Pipe L2 (see Figure 2), which both discharge surface water run-off 
from the local urban area (Harrison et al. 2016). 
4.3 Relationships Between Abiotic Factors and Overall 
Assemblage 
There were no statistically significant correlations between any combination of 
abiotic factors and macrozoobenthic assemblages, following a BIO-ENV 
procedure. Lagoons are hostile habitats with stochastic abiotic factors and a 
longitudinal study would likely reveal patterns and trends that this study has 
not. As this was a snapshot study, conditions in the days and weeks prior to 
the data collection would have been instrumental in determining the 
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assemblages recorded. Additionally, the spatial scale at which assemblages 
vary may occur at a finer scale than was surveyed. Taking more than one core 
sample per sample site for biotic data would improve the reliability of the data 
by providing the opportunity to analyse assemblages within the same site. 
What many lagoon studies fail to consider is the interactions between 
macrozoobenthic species and how their behaviours, such as predation, 
reproduction and interference, can lead to differences in assemblage 
composition. While macrozoobenthic assemblages are good indicators of local 
habitat quality, the relative proportions in which species occur may be down to 
interspecific interaction. 
4.3.1 Relationship Between Salinity and Benthic Primary 
Productivity  
One of the primary issues within lagoons is eutrophication and related 
dystrophic events. Benthic primary productivity is particularly high in shallow 
areas with low turbidity. During spring and summer, macroalgae can be seen 
growing on the bottom of the lagoon in most places, including along northeast 
edge (personal observation). Initially, this rapid growth increases benthic 
invertebrate biodiversity by increasing habitat complexity and food availability. 
However, as algal mat coverage and biomass peaks in late summer, oxygen 
availability in the benthic environment decreases (Ouisse et al. 2011). 
Cladophora spp. and other macroalgal species are nitrogen limited and thus 
rely on biologically available nitrogen to grow (Peckol et al. 1994). Salinity is 
known to affect biogeochemical pathways in nitrogen removal processes and 
transformations, leading to less nitrogen removed from coupled processes and 
greater nitrogen removed from direct processes in polyhaline conditions than 
oligohaline conditions (Hines et al. 2015). Short term fluctuations and 
variations in intensity of salinity fluctuations is also known to affect the 
community structure of denitrifying microbes but not the functional capacity of 
the community (Zaghmouri et al. 2018). Therefore, the microbial community is 
relatively resistant to physiological stress that changes in salinity may incur, or 
alternatively are adept at colonizing sediments with better adapted species or 
clades when salinity does change.  
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However, increases in porewater salinity does lead to desorption of 
ammonium (NH4+) from sediments into the overlying water column, making it 
available to macroalgal species (Giblin et al. 2010; Weston et al. 2010; 
Rysgaard et al. 1999). Additionally, where hydrogen sulphide and organic 
matter content in sediments is elevated, DNRA (dissimilatory nitrate reduction 
to ammonium) rates are higher and denitrification rates are lower, leading to 
greater amounts of dissolved ammonium (Song et al. 2014; An and Gardner 
2002). Bioturbation effects from infaunal invertebrates, including H. 
diversicolor and C. glaucum, causes the release of ammonium from sediments 
(Murray et al. 2017; Solan et al. 2008; Ieno et al. 2006; Mermillod-Blondin et 
al. 2005). Where time between flushing events is relatively long, more nitrogen 
is removed via microbial processes (Joye and Anderson 2008). Subsequently, 
tidally restricted lagoons can accumulate biologically available ammonium 
promoting macroalgal blooms observed in Poole Park lagoon, leading to 
eutrophic conditions and degraded biodiversity.  
4.4 SIMPROF Groupings and Ecotones 
The SIMPROF groupings represent a spectrum of habitat suitability according 
to their sediment values and corresponding faunal assemblages. At one end 
is Group A with the lowest sediment factor values and lowest abundance and 
species richness, followed by Group C which had moderate sediment factor 
values and much higher abundances and species richness. Group D follows 
and as the sediment factor values increase, abundance and species richness 
begin to decline and while still relatively diverse with species representation 
from all phyla, the dominant species shifts to Chironomid larvae, indicating the 
decline in habitat quality. Finally, Group B represents the other end of the 
spectrum, with the maximum sediment factor values and lowest abundance. 
Although Group B has the same number of species as D, annelids are almost 
absent and there is a dominance of motile species. Interpreting the SIMPROF 
results as a spectrum as opposed to discrete groupings provides greater 
insight into habitat preferences for individual species and assemblages. 
However, when these groupings are plotted against interpolated sedimentary 
data layers, sites from all groups do not fit neatly into predicted areas based 
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on the average sediment factor values for those groups. This emphasises the 
need for long term data to help explain spatial and temporal patterns and that 
although the SIMPROF groupings serve as a guide, lagoon assemblages and 
abiotic factors continue to be relatively stochastic and unstable.  
 
Pearson and Rosenberg (1978) wrote extensively about the organic 
enrichment of soft-bottomed macrofaunal communities. Where organic input 
is highest, sediments are almost devoid of fauna, with low species richness 
and abundance (Rybarcyzk et al. 1996; Peterson et al. 1994). Abundance then 
rises rapidly as organic content becomes more moderate. Here, sediments are 
not hostile so can be colonised by opportunists drawn to the organic food 
source. Moderate nutrient input can increase primary productivity and thus 
boost macrozoobenthic abundance; macrozoobenthic biomass doubled in a 
15-year period in the Dutch Wadden Sea due to organic enrichment (Gray 
1992; Beukema and Cadee 1986). The SIMPROF groupings in this study 
could represent successional communities in ecological gradients, and 
frequently overlap. Ecotones and coenoclines are common transitional waters, 
particularly tidally restricted lagoons, where greater ranges in environmental 
gradients, such as salinity and temperature, limit species richness (Reizopolou 
et al. 2013; Basset et al. 2013; Bazairi et al. 2003). 
 
The Intermediate Disturbance Hypothesis postulates that moderate 
magnitudes of stress on an ecosystem promotes biodiversity (Connell 1978). 
In the case of coastal ecosystems, and particularly lagoons, spatially 
heterogeneous and stochastic environmental variables facilitate niches which 
can be colonised by different species (Ouisse et al. 2011; Bamber 2001). 
Salinity and temperature in this study are spatially homogenous but inevitably 
will vary spatially on a temporal scale, which will affect macrozoobenthic 
assemblages. The magnitude of variation is beyond the scope of speculation 
in this study but has been demonstrated by Harrison et al. (2016). However, 
the spatial distribution and dominance of species can provide clues as to the 
historical long-term salinity and temperature trends. 
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4.5 Spatial Patterns of Invertebrate Species 
4.5.1 Annelids 
Annelid worms were overall absent from the CSW and CNE and were 
dominant at sites adjacent to freshwater input, predominantly due to a high 
proportion of euryhaline H. diversicolor. Polydora sp. was located at 14 sites 
in the east and north, with none located in the CSW and southwest. Their 
absence in the CSW suggests that the redox layer is largely non-existent and 
thus unsuitable for infaunal colonization. Tubificoides sp. was present at just 
four sites, again avoiding the CSW and CNE. Densities for this oligochaete 
worm were very low. This is unusual as this is an opportunistic worm, 
characteristic of polluted, organically enriched and hypoxic sediments (Giere 
2006; Giere et al. 1999; Bagheri and McLusky 1982). However, although it is 
a pioneer species of such impoverished habitats, it is relatively slow-growing 
and long-lived which may make it vulnerable to dystrophic events, leaving relict 
populations to recolonize areas where it is locally extinct (Giere 2006). This 
can take over a year to match previous population levels (Bolam and 
Whomersley 2003).  
The single individual of F. enigmaticus was found within its calcareous tube 
likely having broken off from the adjacent hard structure. The single individual 
of P. mucosa, a carrion feeder, will travel along the sediment surface to 
scavenge on carrion of dead crabs, molluscs and worms (Lee et al. 2004). 
Found at Site 9 in the CSW, there is likely ample prey items that have perished 
in the hostile conditions.  
 
What is interesting is the conspicuous absence of opportunistic polychaete 
Capitella capitata (Fabricius 1780). A typical coloniser of organically enriched 
and disturbed sediments and present in Brownsea and Seymers lagoon, it was 
surprising not to find it within Poole Park lagoon where these habitat 
characteristics have been demonstrated (Gray and Elliott 2010; Tsutsumi 
1990; James and Gibson 1980). In Harrison et al.’s (2016) survey, C. capitata 
was also absent from the lagoon. It is present in Parkstone Bay where the 
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sluice gate opens into Poole Harbour but in very low densities. In Herbert et 
al.’s (2010) survey of the Poole Harbour invertebrates, C. capitata was found 
at 18 sites. At each site five samples were taken and at sites where C. capitata 
was found, it was often not present in all five samples. Thus, the sampling 
effort in this study may not have been sufficient to detect C. capitata in low 
densities. Additionally, despite year-round breeding and spawning, 
colonization capacity may be low due to the infrequent flushing events 
facilitating the movement of planktonic larvae from the harbour and the lack of 
wader species which would facilitate avian dispersal (Herbert et al. 2018; 
Bolam and Fernandes 2002; Shull 1997; Warren 1976). Competitive exclusion 
with other annelids may also play a role; sudden dystrophic events will lead to 
colonization of C. capitata but chronically stressed environments, such as 
lagoons, are dominated by stress-adapted species such as H. diversicolor 
(Warwick 1986; Pearson and Rosenberg 1978). Low abundances of C. 
capitata were observed in Poole Harbour despite expectations that they would 
be present in greater numbers due to algal mat enrichment. However, their 
peak abundance was thought to occur in the summer, when algal growth in 
the harbour was greatest, and were subsequently outcompeted (Thornton 
2016). Thus, the relative abundance of C. capitata may be an indication of the 
successional stage of lagoonal assemblages following a disturbance event. 
4.5.2 Crustaceans 
M. insidiosum and M. gryllotalpa were the most abundant crustaceans and 
were absent at just eight sites and 20 sites respectively, though at the majority 
of sites occurred in very low abundances. Both live in tubes constructed on 
vegetation, in the sediment or on a hard substrate such as shells or man-made 
structures and thus can avoid hypoxic-sulfidic sediments that would limit other 
infaunal species, such as annelids (Barnes 1994). M. insidiosum can be 
frequently found outside of its tube, avoiding disturbed or hostile conditions in 
the sediment (Fricke et al. 2015). Furthermore, its tube construction can 
irrigate the sediment surface and thus improve oxygenation in the immediately 
local area, particularly as M. insidiosum generates currents into its tube to feed 
using its pleopods, drawing in oxygenated water and flushing out hydrogen 
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sulphide (Fricke et al. 2015; Dixon and Moore 1997). Peracarid crustaceans 
are known to break diffusive boundary layers in hypoxic sediments, facilitating 
reoxygenation with bioturbation (Lindstrom and Sandberg-Kilpi 2008). 
 
M. palmata is distributed fairly randomly and in very low abundances. Anibal 
et al. (2007) found that mudflat topography determined the presence of M. 
palmata, with concave areas more associated with the amphipod. In this study, 
sites where M. palmata is present are generally deeper than surround sites, 
indicating a concave area. Several sites where M. palmata are present are 
adjacent to hard structures that may be colonised by the reef-building 
tubeworm F. enigmaticus, with which they are known to be associated with 
(Obenat et al. 2006). G. locusta occurred at just four sites in very low 
abundances. Higher temperatures can negatively affect survival and fecundity 
of G. locusta, thus the hot summer temperatures combined with the loss of 
macroalgal habitat and food source in autumn may have contributed to its low 
abundance (Cardoso et al. 2018; Neuparth et al. 2002). Although organically 
enriched sediments provide a food source for G. locusta, competition with 
abundant benthic species may have limited population recovery (Costa et al. 
2005). 
4.5.3 Molluscs  
The gastropod species in the lagoon were all incredibly low in abundance. The 
dominance of Hydrobiid snail E. ventrosa over P. ulvae observed in this study 
is not uncommon in tidally restricted lagoons (Barnes 1999; Barnes and 
Gandolfi 1998; Barnes 1994). The high abundance of empty shells indicates 
that these species were previously abundant in the lagoon but are no longer. 
E. ventrosa is clustered predominantly at sites around Reedbed 2 by Pipe L2. 
The lower salinity of this area is closer to the optimal feeding salinity of 20‰ 
for E. ventrosa and their presence in this area also indicates food availability 
(Barnes 1999). At Site 3, both Hydrobiid species were present and peaked in 
abundance (although still very low), indicating adequate food availability in this 
area.  
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M. arenaria was found at Site 34 and at two perimeter sites adjacent to the 
Sluice Gate. All M. arenaria individuals were <1cm in size, suggesting one of 
two things; that conditions are unfavourable for rapid growth or that they were 
recently recruited juveniles (<1 year). M. arenaria is characteristically patchy 
on both spatial and temporal scales and has several predators in the lagoon 
including the oystercatcher Haematopus ostralegus (Linnaeus 1758), the 
flounder Platichtys flesus (Linnaeus 1758), and the crab C. maenas. Larval 
and juvenile development is also negatively affected by bioturbation from the 
lugworm Arenicola marina (Linnaeus 1758), also present in the lagoon 
(Harrison et al. 2016; Strasser 1999; Strasser et al. 1999). However, M. 
arenaria was found at Sites 11 and 12 along the south edge by the Sluice Gate 
which was an area where lugworm casts were present.  
 
C. glaucum was found at one site in the southwest corner but the majority were 
found in three sites in the northern area. The high energy of the north is likely 
favourable for these filter feeding bivalves. Abundance peaks at Site 48, 
adjacent to a surface water outflow, which may provide sufficient water flow 
for suspension feeding. Specimens were a mixture of juveniles and young 
adults (<2cm). The filtration activity of the non-native tubeworm F. enigmaticus 
may reduce seston availability for M. arenaria and C. glaucum, limiting their 
capacity to colonize the lagoon, thus limiting their abundance. 
4.5.4 Chironomid Larvae 
Chironomid egg masses are oviposited onto the water surface by the imago 
female, which are then distributed throughout the water body by currents and 
winds, so their distribution can be relatively random (Pinder 1995; Tokeshi 
1995; Schmid 1993). However, the CSW is an area of deposition so the 
absence of Chironomid larvae suggests that, despite their resilience to 
hypoxic-sulfidic sediments, the CSW is too hostile for colonisation (Kanaya 
2014; Kanaya 2005). Top down control from predation by P. varians in the 
CSW may also play a role (Roberts 1995). 
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4.6 Invertebrate Size Classes 
4.6.1 Monocorophium insidiosum 
Nearly all sites where M. insidiosum was present had very similar size class 
proportions, except those sites with very low abundances which were 
dominated by one or two size classes. This supports the idea that temperature 
and salinity, which can affect fecundity and growth rates in this species, are 
relatively homogenous throughout the lagoon on a temporal scale (Prato and 
Biandolino 2006). Higher temperatures enable M. insidiosum to become 
sexually mature at a smaller size, with first oviposition occurring at 3.3mm at 
20°C after 29 days and 4.0mm at 10°C after 99 days (Nair and Anger 1979). 
Thus, most individuals in Poole Park lagoon are not likely to be sexually 
mature and will have recruited in late summer/ early autumn earlier in the year 
of study.  
 
Immature females delay the onset of maturity in November and December. 
Sheader (1978) found that M. insidiosum only has two main generations per 
year and can live up to 12 months, which is due to the latitudinal differences 
in seasonality and temperature. The mature generation that produced the 
immature cohort will die over winter and late summer’s immature brood will 
become sexually mature in spring to reproduce, with immature females 
delaying the onset of maturity in November and December (Prato and 
Biandolino 2006; Sheader 1978). Fluctuations in salinity and temperature 
outside the optimal ranges for breeding can result in egg loss (Kevrekidis 
2004). Thus, the extreme salinity ranges brought about by the infrequent 
flushing regime and high temperatures in summer may negatively impact 
reproductive success in M. insidiosum. Determining reproductive success and 
variations in fecundity and growth rates in M. insidiosum within Poole Park 
lagoon are beyond the scope of this study. 
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4.6.2 Hediste diversicolor 
The ragworm H. diversicolor has a greater variety of size classes in the north 
than in the south, where sites are dominated by one or two size classes. Male 
H. diversicolor can grow up to 12cm but females only grow up to 7cm. As no 
ragworms exceeding this size were found in this study, the sex ratio of H. 
diversicolor is likely to be heavily biased towards females in Poole Park 
lagoon, which has been seen in populations in north-eastern England (Olive 
and Garwood 1981). Colour differences indicate sexual maturity in H. 
diversicolor as they lose their rusty orange coloration and become greener. 
However, this was not observed in measured specimens as their preservation 
removed any pigmentation. Females begin to mature about 7cm in length and 
both sexes die shortly after spawning (Budd 2008). Thus, there may be low 
abundances of larger size classes as H. diversicolor reproduces only once 
before dying. In England, H. diversicolor generally has a single short spawning 
and recruitment period, stimulated by a rise in temperature (Olive and 
Gardwood 1981; Wharfe 1977; Dales 1950). 
 
The northern sites which have low abundances of larger size classes and high 
abundances of smaller size classes indicate a recent recruitment of juvenile 
individuals. These sites may indicate a long-term breeding population with 
individuals present in most size classes representing different generations. It 
should be noted that these populations are adjacent to Pipe L8 and usually 
dominate the associated invertebrate assemblages, suggesting that the 
fluctuations in salinity discourage the colonisation of less tolerant species. This 
facilitates H. diversicolor to fully exploit habitat and food availability. With 
reduced competition, H. diversicolor can spend more energy on reproductive 
effort.  
 
The dominance of one or two size classes in the south may indicate increased 
competition, predation, and hostile conditions that would increase metabolic 
requirements and reduce energy available for coelom development and 
reproduction. Size classes were overall relatively small, between 1.1cm and 
3.0cm, with Sites 13 and 20 including specimens of the largest recorded size 
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class 6.1-7.0cm. In polluted sites, H. diversicolor individuals are generally 
smaller (Durou et al. 2007). Thus, an absence of the larger size classes may 
indicate that they reached sexual maturity at a smaller size, reproduced and 
died.  
4.7 Pelagic Fauna 
There was no significant correlation with any of the pelagic fauna and 
abundance of macrozoobenthic species. Given that the survey periods were 
at least seven months apart, temporal and seasonal differences will occur in 
pelagic and macrozoobenthic populations (Carvalho et al. 2011; Como and 
Magni 2009; Bachelet 2000). Thus, the populations observed in June and July 
are unlikely to reflect the population dynamics in November. Absence of 
correlations does not mean that correlations and relationships do not occur; 
predation of macrozoobenthic species by P. microps, P. varians and C. 
maenas is well known (Pockberger et al. 2014; Rainbow and Smith 2013; 
Roberts 1995; Escaravage and Castel 1990; Anderson 1985). 
 
P. varians was significantly associated with higher organic matter sites and P. 
microps was significantly associated with lower organic matter sites. P. varians 
is predominantly a detritivore but is also a primary and secondary consumer 
of algae, mysid shrimp, nematodes, mosquito and midge larvae, and annelids 
(Rainbow and Smith 2013; Roberts 1995; Escaravage and Castel 1990; 
Anderson 1985). They are tolerant of hypoxic conditions and their detritus-
based diet may explain their dominance over P. microps in the area of high 
organic matter. Many of the P. varians individuals in this area were quite small 
and thus they may feed preferentially on particulate detritus.  
 
P. microps feeds on polychaetes, molluscs, amphipods, and N. vectensis 
(Pockberger et al. 2014). It dominated sites of low organic matter where 
hypoxic conditions are less likely to occur as it is stressed by hypoxia 
(Peterson and Peterson 1990). Hypoxic conditions also influence reproductive 
behaviour and may negatively affect reproductive success (Reynolds and 
Jones 1999). Furthermore, macrozoobenthic abundance at sites of high 
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organic matter are on average lower than sites of moderate to low organic 
matter. Thus, P. microps preferentially feeds at these sites. The low organic 
matter sites are also in closer proximity to hard structures associated with F. 
enigmaticus reefs and algal growth, where productivity is higher and habitat 
complexity increases protection from predators (Schwindt et al. 2001). P. 
microps preferred the habitat complexity offered from standing vegetation in 
Arne and Brownsea lagoon as opposed to homogenous soft-bottomed habitat 
(Wheeler 2013).  However, F. enigmaticus reefs are preferentially visited by 
piscivorous birds due to higher prey densities (Bruschetti et al. 2009). P. 
microps could be seen in and around the reefs and concrete columns in high 
densities.  
 
There was no temporal or spatial correlation between populations of G. 
aculeatus and of C. maenas due to their low abundances. C. maenas was 
associated with proximity to complex habitats, including the Concrete 
Walkway and Reedbed 2. This is likely due to the increased prey density.  
4.8 Applications 
4.8.1 Comparative Baseline and Long-Term Monitoring 
This study could be used as a comparative baseline for future surveys in the 
lagoon if the methodology is replicated. In the autumn and winter of 2018, 
works are proposed in the lagoon, including a prolonged drain down and 
dredging of sediments for additional islands to be created. A boardwalk that 
extends into the lagoon centre may be constructed. A comparison of the 
lagoon fauna and environmental variables pre and post works would give an 
indication if the ecosystem is recovering. However, it should be undertaken at 
the same time of year (November), so the comparison is meaningful and 
accurate (Bamber et al. 2001). Ideally, a suite of baseline surveys would be 
more useful, taken at least quarterly, to understand trends and patterns, prior 
to comparison. Therefore, this should be considered for the monitoring of the 
lagoon going forward, particularly to aid site-specific and adaptive 
management and to improve knowledge on a key site in the regional Poole 
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Harbour lagoon network. If comparisons are drawn between future surveys 
and the one undertaken as part of this study, it should be noted that Poole 
Park lagoon is still considered a degraded habitat and is essentially a bar to 
raise, not to aspire to.  
 
It should also be noted that lagoons are, by their very definition and nature, 
patchy, stochastic and stressed ecosystems, and subsequently it can be 
challenging to obtain baselines and filter out background variation and random 
events (Stringell et al. 2013; Perez-Ruzafa et al. 2007; Bamber et al. 2001). 
Lagoonal communities can show a naturally high variability in response to 
changes in abiotic variables which could be perceived as negative change. If 
a site is judged to display poor ecological performance, the attempted 
suppression of these pressures may negatively impact lagoon specialists. 
Thus, a rigorous and regular monitoring regime is crucial to minimise the 
influence of random events on long-term trends (Stringell et al. 2013; Bamber 
et al. 2001). However, it is acknowledged that sampling frequency for Poole 
Park may fall below the recommended quarterly minimum due to the potential 
financial constraints of the local authority responsible for its management 
(Lucas et al. 2006). It can be argued that no real baseline or ‘ideal’ 
environmental parameters exists within lagoons given their highly variable 
nature and cycles of dystrophic events and recolonization (Stringell et al. 2013; 
Gamito et al. 2005).  
 
Increases in precipitation in winter and decreases in summer, changes in wind 
direction prevalence and speed, and increased storminess are all likely to 
occur in the coming years due to climate change (Fakhry et al. 2013; Nolan et 
al. 2012; IPCC 2007). This will affect the salinity regimes and associated 
macrozoobenthic assemblages of Poole Park lagoon, potentially increasing 
the range variability and the length of time spent at these extreme values. 
Changes in wind may alter the spatial distribution of finer sediments and 
increase turbidity. Overall temperatures in the UK are predicted to increase 
with milder winters (increase of up to 2.5°C) and considerably hotter summers 
(increase of up to 4.2°C) (Murphy et al. 2010). Thus, the seasonal ranges in 
temperature and salinity may increase significantly, potentially leading to more 
64 
 
frequent and intense dystrophic events in the summer and thus slower 
recolonization over the winter. Abiotic data in this study will serve as a useful 
comparison to data collected in future years, particularly within the context of 
climate change. 
4.8.2 Value for Avifauna 
Brownsea Island lagoon is a site of significant importance for nesting sandwich 
terns Thalasseus sandvicensis (Latham 1787), common terns Sterna hirundo, 
(Linnaeus 1758), black-headed gulls and occasionally Mediterranean gulls 
supports Larus melanocephalus (Temminck 1820). Additionally, it provides 
crucial feeding habitat for internationally important species such as avocets 
and spoonbills. Brownsea lagoon supports these species due to the 
accessible depth for waders. Poole Park is 0.55m at its shallowest, too deep 
for wading birds. At the time of writing, proposed works for the lagoon include 
islands with graduated plateaus that will provide shallower areas, but it is 
unknown how successfully these will be colonised by macroinvertebrate prey 
items and if they will be of a suitable depth for utilisation by waders. However, 
subsidence has occurred on some of the existing islands, creating a littoral 
area that has been used by feeding oystercatchers (personal observation). 
Without intervention, the subsistence may continue over time and the littoral 
area will become too deep. The islands have been problematic for several 
years due to erosion from use by swans and geese, and various attempts have 
been made to keep them off. Methods have included lining the islands with 
reeds and shoring up the subsidence with wooden fencing. The persistence of 
swans and geese has thwarted these attempts however, and a permanent 
solution is yet to be enacted. 
 
Furthermore, Poole Park experiences greater disturbance from human activity 
than the other Poole Harbour lagoon sites and may not be considered as a 
suitable feeding ground. Pickess and Underhill-Day (2002) found that Poole 
Harbour waders will preferentially feed in areas of lower disturbance, even if 
the benthic biodiversity is poorer, suggesting less disturbance is prioritised 
over richer feeding grounds. However, common sandpipers Actitis hypoleucos 
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(Linnaeus 1758), ruff Calidris pugnax (Linnaeus 1758), redshank Tringa 
tetanus (Linnaeus 1758), black-tailed godwits have been observed feeding on 
the mudflats during a drain down, so the creation of a permanent littoral 
mudflat could see a greater abundance and frequency of these species (Birds 
of Poole Harbour 2018). 
 
Though at present Poole Park has a limited capacity to accommodate waders, 
it supports several fish prey species for piscivorous birds, including sand smelt 
Atherina presbyter (Cuvier 1829), bass Dicentrarchus labrax (Linnaeus 1758), 
herring Clupea harengus (Linnaeus 1758), flounder P. flesus, and species 
found in this study P. microps and G. aculeatus (Harrison et al. 2016). Little 
egret feed on A. presbyter, P. microps and G. aculeatus, cormorants feed on 
A. presbyter, kingfishers Alcedo atthis (Linnaeus 1758) feed on G. aculeatus 
and potentially P. microps as it falls within its preferred prey size range, and 
common and sandwich terns feed on A. presbyter (Farinos-Celdran et al. 
2018; Wheeler 2013; Reynolds and Hinge 1996; Hafner et al. 1982). Thus, 
Poole Park’s value as a supplementary feeding habitat for these piscivorous 
species is greater than for wader species. Its greatest habitat value is likely to 
be as a sheltered roosting site, where it supports large numbers of 
Mediterranean gulls, black-headed gulls, common gulls Larus canus 
(Linnaeus 1758), herring gulls Larus argentatus (Pontoppidan 1763), lesser 
black-backed gulls Larus fuscus (Linnaeus 1758), and greater black-backed 
gulls Larus marinus (Linnaeus 1758), all of which are designated with an 
amber or red UK conservation status and protected by The Wildlife and 
Countryside Act 1981 (Birds of Poole Harbour 2018). 
 
Some of the islands proposed by Borough of Poole council will use a stony 
substrate to encourage terns to nest. Site fidelity among terns can be low, so 
discovery and colonisation of the new islands if appropriate could be relatively 
soon (Ratcliffe et al. 2000; Lloyd et al. 1991). Inaccessible from the lagoon 
shore, the islands would need protection from watercraft disturbance, 
particularly as the terns’ breeding season in the UK coincides with the 
occupation of Poole Park lagoon in the summer by recreational boating 
company Rockley. Management of this could include a sign-posted 
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exclusionary zone around the islands and by informing water users of the 
terns’ whereabouts before they leave the shore (Burger and Leonard 2000).  
 
The proposed dredging by Borough of Poole council will create deeper areas 
within the lagoon which could facilitate stratification depending on their 
location, promoting thermoclines and haloclines. Areas demonstrating salinity 
and temperature gradients could promote greater biodiversity by creating 
niche habitats appropriate for lagoon specialists (Bamber et al. 2001). 
4.9 Limitations and Considerations 
Sediment cores can provide a wealth of information about the benthic and 
infaunal habitat, such as granulometry and pore water chemistry. However, in-
situ conditions, such as depth of oxygenated layer and how the grains are 
sorted, are not always measured when they could be particularly relevant in 
determining richness and abundance (Dauvin et al. 2017; Holland and Elmore 
2008). The sediment samples are homogenised before subsamples are taken 
and processed by the Mastersizer laser diffractometer, so intact cross-
sections of the sediment are destroyed and may not be representative of the 
ambient environment that resident organisms inhabit (Snelgrove and Butman 
1994). For future studies, qualitative data should be noted for each sample 
where possible, including approximate depth of oxygenated and de-
oxygenated layer, how the grains are vertically sorted, if the sample has a 
hydrogen sulphide odour, and where visible organic matter has accumulated. 
This information will augment data obtained from the laboratory and help 
explain the spatial distribution of infaunal invertebrates. For example, if 
ragworms were not present and it was noted that the oxygenated layer was 
particularly thin, it is likely the habitat was not suitable for them. Furthermore, 
infaunal species will exhibit sediment depth preferences depending on their 
tolerance to variable interstitial conditions, which may prevent competition 
(Gamenik et al. 1996; Thiermann et al. 1996; Dubilier et al. 1995; Vismann 
1990). The data for their relative vertical distribution is also missed when they 
are sieved from sediment cores. There is a need for lab-based studies on the 
ecology and biotic interactions of lagoon benthic macroinvertebrates and such 
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a study would shed light on their vertical distributions and depth preferences, 
with the data supporting field-based surveys.  
 
Two metrics of particle size that have been used in similar soft-bottomed 
studies were used to quantify granulometry in this study to see if there was 
any difference in functionality when describing sediments; median grain size 
(MGS) and percent silt content (Silt Content) (Henkel and Politano 2017; 
Seiderer and Newell 1999). Information is filtered when continuous data, such 
as particle size, are broken into categories, such as particle size classes which 
were used to inform the Silt Content metric in this study (Steel et al. 2013). 
Indeed, Magnusson (1997) wrote that most ecological categories are arbitrary, 
and the breaks in grain size classes used in the study may not be functionally 
relevant when trying to determine associations with the macroinvertebrate 
assemblages. It is challenging to quantify particle sizes in a biologically 
relevant way when many lagoon macroinvertebrate species not only have 
multiple feeding strategies and dietary preferences, but the vertical particle 
sorting and invertebrate distribution data are lost during laboratory processing. 
Many particle size metrics, such as Silt Content and others such as dominant 
size class, are derived from the Wentworth scale (Wentworth 1949). In this 
study MGS and Silt Content produced very similar and significant values and 
outputs when used in statistical analyses and display very similar patterns as 
interpolated layers on a map. Their significant associations with density, 
species richness, and relative abundance of species made ecological sense 
within soft-bottomed lagoon ecosystems, therefore for future lagoon studies 
either metric is suitable. Within MGS and Silt Content are size classes that are 
not wholly represented by these simplified metrics, so it is still prudent to look 
closely at the continuous granulometry data in conjunction with biodiversity 
metrics, in case any obvious patterns can be identified that are not evident in 
statistical analyses or the simplified metrics.  
 
It is challenging to build a broader picture of the recent temporal trends for the 
aquatic variables without data, as proximity to flush days and rainfall will 
influence the salinity and temperature regimes on a local and whole lagoon 
scale. Therefore, interpretation of these variables is limited. For future related 
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studies, it would be prudent to obtain salinity and temperature data not just 
from the water surface, as in this study, but also benthic and interstitial salinity 
and temperature. It is well known that salinity and temperature undergo 
stratification in lagoon ecosystems, particularly if the water is not well-mixed 
as it may be in the tidally-restricted Poole Park lagoon; surface temperature 
and salinity may have had little influence over benthic and infaunal 
invertebrates (Barnes 1980; Bamber et al. 2001). Obtaining temporal data will 
help to identify trends but also identify where the system lags; that is the 
delayed response of macrozoobenthic species to changes in the environment. 
Thus, the macrozoobenthic assemblages recorded in this study may be 
indicative of long-term trends or a change in environmental variables that 
occurred prior to the survey date. This could lead to inaccurate interpretation 
of the relationships between abiotic variables and biodiversity metrics in this 
study.  
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Chapter 2 - The Starlet Sea Anemone in Poole Park 
Lagoon 
5. Introduction 
5.1 Non-Native Species 
Non-native species are one of the major drivers of biodiversity loss globally 
(IUCN 2000). Carlton (1987) defined non-native species as “introduced 
species are those taxa transported by human activity to regions where they 
did not exist in historical times”, historical times referring to 5000 years before 
the present. Non-native marine species are usually introduced via the shipping 
industry, either by fouling or ballast water, or deliberate or incidental 
introduction from the shellfish industry, particularly oysters from Japan and 
North America (Eno et al. 1997). Their impact can range from undetected to 
the domination and displacement of indigenous species to increasing 
biodiversity of indigenous species; the interactions are often complex and 
understudied. For example, the hybridized common cord-grass Spartina 
anglica dominates saltmarshes and reduces feeding grounds for waders 
(Davidson et al. 1991). However, S. anglica saltmarsh also provides crucial 
high tide roosts for wintering and passage waders (Morrison 2004).  
 
At least 150 non-native marine species have been recorded in the UK, though 
this is likely an underestimation (Roy et al. 2007). Non-native taxa that are 
represented most frequently are red algae (19%), molluscs (18%), annelids 
(15%) and crustaceans (14%) (Eno et al. 1997). In addition to requiring a 
vector to facilitate their colonization of new territories, the host site is usually 
one of low species diversity with vacant niches to exploit (Ribera and 
Boudouresque 1995). Harbours and estuaries are common sites for the 
colonization of non-native species; ships often dock there, and they are 
typically low energy which promotes local settlement of larvae or propagules. 
The expanse of hard structures associated with developed harbours and 
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estuaries are ideal sites for attachment of sessile species such as mussels 
and barnacles.  
 
Poole Harbour is one such site. With an area of 13.92 miles and a relatively 
narrow mouth, a full flush can take up to three days with only 22-45% of the 
harbour volume flushed on a spring tide (May and Humphreys 2005).  It’s 
shallow depth and limited flushing regime leads to warmer temperatures than 
the open sea, producing ideal conditions for opportunistic non-native species. 
Disturbance to sediments from pump-scoop dredging may also provide 
colonization opportunities for non-native invertebrates, allowing them to utilize 
space and resources once dominated by indigenous fauna (Clarke et al. 
2018). 
 
There are at least 12 known non-native species in Poole Harbour and have 
previously represented up to 60% of wet weight of assemblages (Harrison et 
al. 2016; Maggs and Magill 2014; Herbert et al. 2010; Eno et al. 1997). This is 
higher than the mean of 10.8 non-native species in marinas and harbours on 
the south coast of England (Arenas et al. 2006). Their interactions with native 
fauna and socio-economic effects are not fully understood, though there are 
some exceptions. The Manila clam Ruditapes philippinarum (Adams and 
Reeve 1850) is indigenous to western Pacific coasts but was introduced to the 
harbour in 1988 following successful commercial trials, and by 1994 was being 
harvested by local fishermen (Humphreys et al. 2015; Utting and Spencer 
1991). The harbour’s favourable physico-chemical parameters have enabled 
the clam to naturalise and the clam fishery had a value of £1.5 million in 2014 
(Franklin et al. 2012).  
5.1.2 Non-Native Species in Lagoons 
The impounded nature of lagoons provides ideal shelter for non-native species 
that can withstand the stochastic salinity and temperature regimes. Species 
such as the red alga Gracilaria vermiculophylla (Papenfuss 1967), the sand 
gaper M. arenaria, and the Australian tubeworm F. enigmaticus have been 
identified in lagoons in Poole Harbour (Harrison et al. 2016; Maggs and Magill 
71 
 
2014). These species have not yet had any proven negative impacts on native 
fauna but demonstrate the capacity with which they can colonise an 
impounded lagoon. The cryptic bivalve M. arenaria is an important prey 
species for the flounder P. flesus, the curlew Numenius arquata (Linnaeus 
1758) and the oystercatcher H. ostralegus, all known to utilise Poole Harbour 
lagoons for feeding (Harrison et al. 2016; Strasser 1999; Zwarts and Wanink 
1989). The red alga G. vermiculophylla and tubeworm F. enigmaticus have the 
capacity to increase habitat complexity and biodiversity within lagoons, which 
are typically soft-bottomed homogenous environments (Heiman and Micheli 
2010; Thomsen 2010; Nyberg et al. 2009; Bianchi and Morri 1995).  
5.2 The Starlet Sea Anemone  
The starlet sea anemone Nematostella vectensis (Stephenson 1935) is a small 
(≤1.5cm) infaunal cnidarian that thrives in muddy soft-bottomed substrate 
where it preys on other benthic invertebrates. Unlike many other anthozoans, 
N. vectensis has not faced selective pressure to develop a variety of 
neurotoxins owing to its limited prey selection consistent with the low species 
diversity of lagoons, having many genes that may enable it to rapidly refill its 
toxin stores (Moran and Gurevitz 2006). N. vectensis also has chemoreceptors 
that complement its mechanoreceptors, with the detection of prey-derived n-
acetylase sugars reducing the vibration-induced action potential necessary to 
fire nematocysts. The detection of such sugars also increases the length of 
hairs that detect vibrations from prey movement, further increasing the chance 
of successful prey capture (Watson et al. 2009). Such adaptations ensure 
maximum exploitation of prey abundance.  
 
N. vectensis can reproduce asexually and sexually, maximising its 
colonisation capacity. Transverse fission rates are higher at lower salinities 
and, with increased food availability (Hand and Uhlinger 1995), sexual 
reproduction occurs at full marine salinity (Hand and Uhlinger 1992). Sixty-one 
per cent of UK individuals are derived from one genotype suggesting a 
dominance in clonal reproduction, indicative of a species that has recently 
colonised an area (Pearson et al. 2008). Sexual reproduction has been 
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induced under laboratory conditions at 20°C and has been recorded as 
occasionally occurring in the field during summer and autumn when 
temperature and salinity would be at its highest (Williams 1976; Frank and 
Bleakney 1978). Such reproductive plasticity is advantageous in a hostile 
lagoon environment.  
 
The common ditch shrimp P. varians, N. vectensis’ currently only known 
predator in the UK, was thought not to co-occur in the same sites as N. 
vectensis (Barnes 1994; Posey and Hines 1991). However, all three lagoons 
N. vectensis is present in in Poole Harbour also have records of the presence 
of P. varians (Bone 2017; Harrison et al. 2016; Herbert et al. 2010). In 
Brownsea Lagoon, P. varians and N. vectensis co-occured with densities of 
42 and 3048 per m2 respectively within the same benthic sample (Herbert et 
al. 2010). As P. varians does co-exist with N. vectensis, there is an opportunity 
for its predator-prey relationship to be quantified. 
 
N. vectensis has been used in genome research of which there is an 
abundance of literature, but there is a notable absence of literature detailing 
its ecology in UK lagoons (Darling et al. 2005). It has been listed as Vulnerable 
on the IUCN Red List since 1983 and was subsequently listed under the 
Wildlife and Countryside Act 1981 as a protected species in 1988 (Sheader et 
al. 1997; World Conservation Monitoring Centre 1996). However, the last 
assessment was performed in 1996 with the annotation ‘needs updating’. 
Sheader et al. (1997) postulated that N. vectensis was non-native having been 
introduced to Europe from North American populations via the oyster trade. 
The North American populations are unlikely to have colonised British coasts 
owing to their limited dispersal range, unless the British population is relict and 
indicative of a larger historical range. Therefore, a relict population would show 
appropriately divergent genetic distances.  
 
Reitzel et al. 2007 analysed the DNA of British and North American N. 
vectensis specimens which confirmed that British populations have been 
introduced from western Atlantic populations. British populations possess 
significantly lower genetic diversity than western Atlantic populations, due to 
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reproducing asexually as opposed to sexually. Barfield (2016) noted in his 
review article that while non-native species in the UK are eligible for protection 
under the Wildlife and Countryside Act (1981), N. vectensis satisfies only half 
of the designation criteria. Indeed, its lagoon habitat faces numerous threats 
and is at risk of habitat loss, but lagoons already receive protection in the UK 
and the designation of an inhabiting species to bolster lagoon protection is 
redundant. 
 
It’s protection in the UK, its Vulnerable status and the data on which these 
designations are based are outdated and in need of review. However, before 
such a review it would be prudent to quantify N. vectensis’ effect on native 
lagoon fauna and lagoon benthic ecology, particularly its role as a passive 
predator and prey item for P. varians. It is known to consume small annelids, 
Hydrobiid snails, copepods, and has been observed feeding on Chironomid 
larvae in the field (Sheader et al. 1997; Welstead and Shardlow 1999).  
 
Occurring only rarely in the now extinct Blue Lagoon in Poole Harbour in the 
late 90s, N. vectensis can now be found in high densities in all Poole Harbour 
lagoons, excluding Arne. 
5.3 Rationale 
Although salinity is important in determining distribution of invertebrates within 
lagoon habitats, including N. vectensis, sediment factors are also known to be 
a primary factor. Additionally, there is a paucity of data about the potential top-
down control of its distribution from predator-prey interactions with P. varians 
also known to inhabit Poole Harbour lagoons. With reference to its revised 
status, it would be judicious to analyse its role within invertebrate assemblages 
through the non-native lens and critically appraise its potential interactions with 
native lagoon ecology.  
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5.4 Aims and Objectives 
The study aims to semi-quantitatively assess the role of N. vectensis within 
native lagoon assemblages and to determine the abiotic factors that determine 
its distribution.  
1) Utilising the abiotic and biotic data collected for Chapter 1 
2) Identify relationships between abiotic variables and N. vectensis by: 
a) Using ArcGIS to visually identify spatial trends 
b) Conducting statistical analyses 
3) Identify, if any, relationships between N. vectensis and overall 
macrozoobenthic assemblages by: 
a) Analysing assemblage composition 
b) Using existing literature to understand interactions 
4) Identify, if any, relationships between N. vectensis and pelagic fauna by: 
a) Conducting appropriate statistical analyses  
b) Using existing literature to understand interactions 
6. Materials and Methods 
 
Numeric abundance data for N. vectensis was obtained from sediment cores 
taken on November 7th and 8th and were counted under a stereo microscope 
in laboratory conditions. Samples were fixed in 70% Industrial Methylated 
Spirit (IMS) for identification and quality control purposes. Body size data was 
not obtained for the N. vectensis due to the propensity for specimens to 
contract when fixated, preventing accurate measurement (Sheader et al. 
1997). To analyse its interaction with environmental variables and pelagic 
fauna, abiotic factors were measured, and fish traps were used to obtain 
species data. Further details can be found in Materials and Methods in Chapter 
1.  
7. Results 
N. vectensis was significantly negatively correlated with OM Content, Salinity, 
and Silt Content and significantly positively correlated with MGS (see Table 8, 
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Figure 20). N. vectensis density in the CSW portion of the lagoon was relatively 
low, not exceeding 500 individuals per m2. Densities increase in the north west 
and east side of the lagoon, peaking at sample Site 34 with 9800 per m2 (see 
Figure 19). This was identified as an outlier for regression analyses. When the 
outlier was removed and analysis re-run for SDepth and N. vectensis density 
they were significantly negatively correlated (F (df = 1, 46) = 4.316, p = 0.043).  
 
 
The relative abundance of N. vectensis within an assemblage did not exceed 
50% and the mean relative abundance was only 13% as N. vectensis was not 
present at 17 out of 49 sample sites. Only 11 out of 49 sites did N. vectensis 
exceed 20% relative abundance and species richness and overall invertebrate 
abundance at these sites ranged from 2 to 9 and 3 to 141 respectively. N. 
vectensis was the dominant taxa at seven sites but at only three of these sites 
was it the sole dominant taxa. N. vectensis was dominant at sites which had 
low invertebrate abundances with only two of the seven sites having higher 
than average (48) invertebrate abundances. 
 
Figure 17 The spatial distribution of the density of N. vectensis. 
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Table 8 Regression analyses for N. vectensis density and abiotic factors. Significant 
p values in bold. Site 34 was a consistent outlier in all regressions. 
N. vectensis Density and Abiotic Factors of Poole Park Lagoon 
Variable Regression R2 DF F p 
Unstandardized 
Co-efficient B 
OM Content Linear 11.1 1, 47 5.857 0.019 -176 
Silt Content Linear 12.1 1, 47 6.496 0.014 -31 
MGS Linear 9.2 1, 47 4.767 0.034 9.812 
SDepth Linear 7.5 1, 47 3.817 0.057 -836 
Temperature Linear 0 1, 47 0.003 0.954 32 
Salinity Quadratic 18.8 2, 46 5.308 0.008 -2232 
WDepth Linear 0.1 1, 47 0.045 0.832 340 
Distance 
from SW 
Shore 
Linear 10.1 1, 47 5.285 0.026 3 
Distance 
from E 
Shore 
Linear 10.7 1, 47 5.635 0.022 -4 
Distance 
from N 
Shore 
Linear 5.3 1, 47 2.646 0.111 -2 
Distance 
from Sluice 
Linear 0.9 1, 47 0.426 0.517 -1.451 
 
Of the 17 sample sites that N. vectensis was not present at, all but one (Site 
49) had lower than average (46) overall invertebrate abundances and all but 
three (Sites 9, 14, 49) had lower than average (4) species richness and so 
were characterised by particularly poor biodiversity. The sites where N. 
vectensis was not present was dominated by amphipods and Chironomid 
larvae by >75% except for Site 41. These 17 sites are in two main clusters; 
five sites in the CNE and nine sites in the CSW (see Figure 19). Other sites 
included a pair at the lagoon edge in the northwest direction and a single site 
in the southeast inside the Model Boating Area. These 17 sites share a similar 
distribution pattern with overall invertebrate density.  
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a. 
b. 
c. 
d. 
Figure 18 N. vectensis density with significantly associated abiotic variables, including maps of 
the spatial distribution of abiotic gradients and N. vectensis density and scatter graphs 
demonstrating relationships. a) OM Content, b) MGS, c) Salinity and d) Silt Content. 
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7.1 N. vectensis Density and Pelagic Fauna 
N. vectensis was not significantly correlated with any pelagic fauna, though 
this should be interpreted cautiously given the length of time that has elapsed 
between survey periods (see Table 9). 
Table 9 Regression analyses for N. vectensis and pelagic abundance in Poole Park 
Lagoon. Site 16 was a consistent outlier for regression analyses.  
N. vectensis Density and Pelagic Abundance of Poole Park Lagoon 
Variable Regression R2 DF F p 
Unstandardized 
Co-efficient B 
C. maenas 
Total  
Linear 0.2 1, 18 0.039 0.845 69.287 
G. aculeatus 
Total 
Linear 0.9 1, 18 0.162 0.692 -2742469 
P. microps 
Total 
Linear 5.1 1, 18 0.974 0.337 34.328 
P. varians 
Total 
Linear 2.8 1, 18 0.524 0.479 -21.246 
 
N. vectensis was the dominant taxa at just seven sites, not exceeding 50%. At 
four of these sites, dominance is equally shared with one other, sometimes 
two, species due to extremely poor species richness and abundance at those 
sites. Prey species richness and abundance was greater at sites where N. 
vectensis was solely dominant compared to sites where it shared dominance.  
7.2 Biotic Interactions 
A scatterplot of N. vectensis and amphipod abundance shows a positive linear 
correlation, with anemone abundance increasing with amphipod abundance 
(see Figure 19). A scatterplot of the proportional percentage of Amphipods 
and Anemones within the overall invertebrate assemblage of each site shows 
as negative linear correlation with the proportion of N. vectensis increasing as 
the proportion of amphipods decrease (see Figure 20). Amphipod percentage 
dominance is generally highest at sites where N. vectensis is absent. N. 
vectensis density is significantly positively correlated with overall invertebrate 
density (F = (df = 1, 47) = 145.64, p = <0.05) (see Figure 21). 
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Figure 19 The negative linear relationship between the proportions of N. vectensis 
and amphipod abundance. 
Figure 20 The positive linear relationship between N. vectensis and amphipod 
abundance. 
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8. Discussion 
This study aimed to determine the variables responsible for the spatial 
distribution of N. vectensis and assess its role within native assemblages. N. 
vectensis was significantly negatively associated with OM Content, Salinity, 
and Silt Content and significantly positively correlated with MGS. It was also 
positively correlated with macrozoobenthic density.  
 
N. vectensis is known to preferentially colonise very fine sediments, so the 
significant correlations with particle size factors is likely because of their co-
linearity with OM Content (Williams 2003). Fine sediments and increased OM 
Content often co-occur because of the low energy environment necessary for 
their deposition (Burone et al. 2003). Increased OM Content would lead to 
hypoxic-sulfidic conditions creating a hostile environment unsuitable for 
colonisation (Gray et al. 2002; Rybarczyk et al. 1996). Though N. vectensis 
was also found in the coarser sediments of the lagoon, the largest particle size 
did not exceed 230µm, contained at least 18% silt and would still be suitable 
for burrowing.  
 
Figure 21 The positive linear relationship between overall invertebrate and N. 
vectensis abundance. 
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N. vectensis is a euryhaline species and so the significant association with 
salinity is interesting (Sheader et al. 1997; Barnes 1994). The salinity regime 
of the lagoon at the time of survey was relatively homogenous with a narrow 
range of 2.5‰, and only three sites were below 25‰; most of the lagoon was 
between 25.9‰ and 26.6‰. As salinity and N. vectensis are both significantly 
correlated with macrozoobenthic density it is possible that salinity and 
macrozoobenthic density are co-linear. Thus, this euryhaline anemone could 
be reliant on how the salinity regime dictates the spatial distribution of its prey 
species. An alternative explanation is that within ecological scales the 
association with salinity is irrelevant and it is unlikely the euryhaline anemone 
is affected by a relatively minor fluctuation in salinity.  
 
N. vectensis was significantly positively correlated with macrozoobenthic 
density likely because of an increase in prey availability (Sheader et al. 1997). 
Increases in food intake increase the frequency of transverse fission, a 
common method of reproduction in English specimens, thus high prey 
densities will cause rapid population growth (Hand and Uhlinger 1995; Hand 
and Uhlinger 1992).  
 
N. vectensis was abundant overall but was not found at all sites at which prey 
species also occurred. As N. vectensis is a small (<1cm) burrowing infaunal 
cnidarian, the absence of a well oxygenated layer at the sediment-water 
interface may cause the anemone to evacuate the sediment or suffer paralysis 
due to the inhibition of peristalsis which is vital to its locomotive behaviour 
(Williams 2003). Hypoxic-sulfidic sediments, like those in the central 
southwest of Poole Park lagoon, are unlikely to be suitable for colonisation 
and will explain why N. vectensis is not present even when suitable prey 
species such as amphipods are. There is a second cluster of five sites in the 
northeast with no N. vectensis which may occur due to the high energy 
environment preventing settlement. 
 
In sites where N. vectensis was particularly abundant (N = >20), annelid 
worms were also moderately abundant. This is likely due to the shared 
preference for sediments that are not high in OM Content. The bioturbation by 
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these worms could also facilitate the thixotropic and well oxygenated sediment 
favoured by N. vectensis (Williams 2003; Sheader et al. 1997). Furthermore, 
one N. vectensis individual identified under the stereo microscope was partially 
ingesting a Polydora sp. individual, indicating that worms of a certain size are 
vulnerable to predation by N. vectensis.  However, where worms dominate by 
>50%, the proportion of other species decreases, including N. vectensis. This 
may be because of disturbance, such as dislodging N. vectensis from the 
sediment, predation by larger H. diversicolor individuals or even interspecific 
competition for prey with H. diversicolor.  
 
Three of the most abundant sites, including superabundant Site 34, were 
adjacent to the Concrete Walkway. Sediment conditions here were favourable 
with low to moderate OM Content and MGS between 51µm and 145µm, 
enabling burrowing activity. Another factor potentially responsible for 
increased abundance at these sites is the proximity to the F. enigmaticus reefs 
that have colonised the Concrete Walkway, and the increase in prey 
associated with this. However, the tubeworm reefs are also associated with 
higher abundances of the only recorded predator of N. vectensis; P. varians. 
The predator-prey dynamics between the two species are unclear and could 
be scale dependent; juvenile P. varians could be prey for N. vectensis before 
preying on N. vectensis itself when it is a larger size.  
 
The other two abundant (N = >20) sites were in the north, adjacent to the 
northeast cluster where no N. vectensis individuals were found. Though this is 
an area of high energy, south-westerly prevailing winds would be disrupted by 
the islands to the southwest of the two abundant sites reducing disturbance. 
 
This study found no correlation between the abundance of N. vectensis or P. 
varians, suggesting that the shrimp has a negligible effect on N. vectensis 
density. However, the pelagic survey was not as spatially comprehensive as 
the macrozoobenthic survey and conducted several months apart so this 
should be interpreted cautiously. P. varians is omnivorous and will feed on 
detritus and macroinvertebrates though there is a paucity of data available on 
its diet (Barnes 1994). Palaemon elegans (Rathke 1837), a morphologically 
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similar shrimp species that inhabits similar ranges, will consume Chironomid 
larvae, small crustaceans and H. diversicolor (Janas and Baranska 2008). P. 
varians may preferentially feed on species that occur at greater densities, such 
as the amphipods M. insidiosum and M. gryllotalpa. As previously mentioned, 
predation on N. vectensis may also be size dependent as smaller P. varians 
individuals could be vulnerable to predation by N. vectensis even if it they are 
too large to be consumed by it.  
  
N. vectensis and amphipod abundance were positively correlated, and their 
percentage proportions were negatively correlated. This indicates that 
favourable habitat conditions allow these species to proliferate, but the 
increase in the percentage proportion of N. vectensis may have a negative 
effect on the proportion of their prey species due to increased rates of 
predation. However, this does not consider interspecific and interference 
competition from other species that will be colonising the favourable sediments 
and should be investigated further. 
 
Due to the physal pinching method of transverse fission of N. vectensis, their 
abundance may be underestimated due to the discarding of budded 
specimens that had not developed into physiologically identifiable individuals 
– particularly as fixation induces contraction (Sheader et al. 1997). 
Additionally, N. vectensis can migrate vertically into floating macroalgal mats 
using adhesive rugae so benthic sampling may underrepresent N. vectensis, 
though it is unlikely to be by a significant margin (<5%) (Barnes 1994). It is 
undetermined if such vertical migration is incidental from accidental 
attachment or deliberate because of negative chemotaxis to hydrogen 
sulphide (Williams 2003). For future studies, it would be prudent to obtain a 
hand sample of overlying algal mats to rinse migratory invertebrates from.  
 
N. vectensis within Poole Park lagoon appears to have a negligible effect on 
native macrozoobenthic assemblages. However, Poole Park is still a degraded 
habitat and N. vectensis may have greater top-down influence if invertebrate 
densities were greater. Its influence on disturbance of sediment is low due to 
its small size and shallow burial, only relocating when interstitial conditions 
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become too hostile or it is displaced by wave action or the burrowing activity 
of another species. Upon reburial, sediment is not displaced in a conspicuous 
manner akin to lugworm activity. Instead N. vectensis uses peristaltic 
contractions and adhesive rugae to bury itself and is unlikely to disturb or 
displace other infaunal species (Williams 2003).  
 
N. vectensis has a formidable capacity to kill other macrozoobenthic 
organisms with its rapidly refillable neurotoxin reservoir and chemosensors 
that enhance the likelihood of prey capture, though some organisms captured 
will be too large for ingestion (Moran and Gurevitz 2006; Watson et al. 2009). 
Therefore, there is a chance that it has a disproportionately negative effect on 
vulnerable species due to its indiscriminate method of prey capture, however 
this is beyond the scope of this study. Organisms captured incidentally but not 
consumed by N. vectensis may become available to other scavengers or 
predators and the anemone may enhance food availability to other carnivorous 
species. Transverse fission of N. vectensis increases with food availability 
(Hand and Uhlinger 1995). A population explosion of this sessile predator in 
areas of high prey densities could lead to a local sudden and rapid decline in 
abundance of certain species, altering the assemblage dynamics and 
potentially negatively affecting higher trophic levels reliant on the same prey 
species. Microcosm experiments would be necessary to quantify the effects of 
this small but potentially formidable anemone on microspatial 
macrozoobenthic assemblages. However, further surveys should not focus on 
N. vectensis as a vulnerable protected species but as a non-native and 
understudied species.  
 
Historically, Poole Harbour has previously hosted lagoonal specialists within 
the estuary itself (C. glaucum) and it is possible that some brackish areas of 
the main harbour may act as refugia to populations of lagoonal specialists 
such as N. vectensis (Herbert et al. 2010). Although no individuals have 
been found in saltmarshes in the UK to date, N. vectensis can be found in 
saltmarsh sites on coasts of North America (Sheader et al. 1997). There are 
sites in Poole Harbour where saltmarshes, wetland scrapes, and lagoon 
habitats can be found within the same area. As sea defences fail against sea 
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level rise, agricultural land has become intertidal wetland habitat where 
waders, such as ruff and redshank, will frequent to roost and feed (Birds of 
Poole Harbour 2018). The presence of avian predators indicates sufficient 
colonisation of aquatic invertebrates and warrants further study; such sites 
include Lytchett Fields, the flooded agricultural land in northwest Lytchett 
Bay, and Arne Moors (personal communication). Another site of interest is 
Holton Pools, a wetland scrape created in saltmarsh habitat that exhibits 
physiographic lagoonal properties and supports several species of wader 
(personal observation).  
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9. Conclusion 
This study surveyed the spatial distribution of macrozoobenthic assemblage, 
pelagic fauna and abiotic variables to determine which factors dictated 
distribution of species, abundance and whole communities. The starlet sea 
anemone N. vectensis received particular attention due to both its cryptic and 
protected statuses in the UK. There were no significant correlations with 
proximity to Sluice Gate and species richness, abundance, overall 
assemblages or any of the abiotic factors. However, correlations with salinity 
may occur temporally, particularly during and post flush events. Species 
richness and abundance was significantly correlated with OM Content, Silt 
Content and MGS. Overall assemblages were not significantly correlated with 
any factor, and richness and abundance were not correlated with pelagic 
fauna. Thus, sediment factors are the predominant variables in determining 
spatial distribution of species and their abundances. This is likely due to the 
hostile conditions associated with high OM Content and increased food 
availability associated with moderate OM Content.  
 
The epifaunal starlet sea anemone is also significantly negatively correlated 
with sediment factors, likely due to the physiological stress associated with 
hypoxic conditions in high OM Content sediments. Its effect on native fauna is 
beyond the scope of this study but it is postulated that in high prey densities it 
could negatively affect certain species with its indiscriminate and relatively 
effective method of prey capture. Further research should focus on predator-
prey relationships and competition of this cryptic cnidarian with native fauna.  
Poole Park is currently a degraded habitat, but the creation of islands may 
reduce turbidity in the northeast and change areas of deposition. This study 
will serve as a comparative baseline for surveys post-works. It is an important 
site in the Poole Harbour regional lagoon network, particularly for piscivorous 
and roosting coastal birds, though currently has little value for wading species 
that are at risk of habitat loss. Sites such as Lytchett Fields and Holton Pools 
exhibit lagoonal properties and should be the subject of further study, in 
addition to Arne Moors which has the capacity to become lagoonal in the 
future. 
87 
 
10. References 
Altman, D.G. and Bland, J.M., 1995. Absence of evidence is not evidence of 
absence. British Medical Journal, 311, 485. 
An, S. and Gardner, W., 2002. Dissimilatory nitrate reduction to ammonium 
(DNRA) as a nitrogen link, versus denitrification as a sink in a shallow 
estuary (Laguna Madre/ Baffin Bay, Texas). Marine Ecology Progress 
Series, 237, 41-50.  
Anderson, G., 1985. Species profiles: life histories and environmental 
requirements of coastal fishes and invertebrates (Gulf of Mexico). Grass 
Shrimp. US Fish and Wildlife Service Biology Reports, 82 (19), 11-35. 
Anibal, J., Rocha, C. and Sprung, M., 2007. Mudflat surface morphology as a 
structuring agent of algae and associated macroepifauna communities: a 
case study in the Ria Formosa [online]. Journal of Sea Research, 57 (1), 36-
46. 
Anthony, A., Atwood, J., August, P., Byron, C., Cobb, S., Foster, C., Fry, C., 
Gold, A., Hagos, K., Heffner, L., Kellogg, D.Q., Lellis-Dibble, K., Opaluch, 
J.J., Oviatt, C., Pfeiffer-Herbert, A., Rohr, N., Smith, L., Smythe, T., Swift, J. 
and Vinhateiro, N., 2009. Coastal lagoons and climate change: ecological 
and social ramifications in US Atlantic and Gulf coast ecosystems [online]. 
Ecology and Society, 14 (11), 8. 
Arbi, I., Zhang, J., Lui, S., Wu, Y. and Huang, X., 2017. Benthic habitat 
health assessment using macrofauna communities of a sub-tropical semi-
enclosed bay under excess nutrients [online]. Marine Pollution Bulletin, 119 
(20), 39-49.  
 
Arenas, F., Bishop, J.D.D, Carlton, J.T., Dyrynda, P.J., Farnham, W.F., 
Gonzalez, D.J., Jacobs, M.W., Lambert, C., Lambert, G., Nielsen, S.E., 
88 
 
Pederson, J.A., Porter, J.S., Ward, S. and Wood, C.A., 2006. Alien species 
and other notable records from a rapid assessment survey of marinas on the 
south coast of England. Journal of the Marine Biological Association of the 
United Kingdom, 86 (6), 1329-1337. 
 
Arndt, E., 1989. Ecological, physiological and historical aspects of brackish 
water fauna distribution. In: Ryland, J. and Tyler, P., 1989. Reproduction, 
Genetics and Distributions of Marine Organisms. Fredensborg: Olsen and 
Olsen. 
 
Bachelet, G., de Montaudouin, X., Auby, I. and Labourg, P., 2000. Seasonal 
changes in macrophyte and macrozoobenthos assemblages in three coastal 
lagoons under varying degrees of eutrophication. ICES Journal of Marine 
Science, 57, 1495-1506. 
 
Bagheri, E. and McLusky, D., 1982. Population dynamics of oligochaetes 
and small polychaetes in the polluted Forth estuary ecosystem. Netherlands 
Journal of Sea Research, 16, 55-66. 
 
Bamber, R., Gilliland, P.M. and Shardlow, M.E.A., 2001. Saline Lagoons: A 
guide to their management and creation. Peterborough: Natural England.  
 
Bamber, R., 1997. Assessment of saline lagoons within Special Areas of 
Conservation. Peterborough: English Nature. Research report no. 235 
 
Barbier, E.B., Hacker, S.D., Kennedy, C., Koch, E.Q., Stier, A.C. and 
Silliman, B.R., 2011. The value of estuarine and coastal ecosystems services 
[online]. Ecological Monographs, 81, 169-193.  
Barfield, P., 2016. The UK non-native species Nematostella vectensis (starlet 
sea anemone). Edinburgh: Porcupine Marine Natural History Society. 
Barnes, R.S.K., 1980. Coastal Lagoons. NY: Cambridge University Press.  
89 
 
Barnes, R.S.K., 1989. The Coastal Lagoons of Britain: An Overview and 
Conservation Appraisal [online]. Biological Conservation, 49, 295-313. 
Barnes, R.S.K., 1994. Macrofaunal Community Structure and Life Histories 
in Coastal Lagoons. In: Kjerfve, B., 1994. Coastal Lagoon Processes. 
Amsterdam: Elsevier Science.  
Barnes, R.S.K., 1994. The Brackish Water Fauna of Northwestern Europe. 
Cambridge: Cambridge University Press.  
Barnes, R.S.K. and Gandolfi, S.M., 1998. Is the lagoonal mudsnail Hydrobia 
neglecta rare because of competitively induced reproductive depression and, 
if so, what are the implications for its conservation? Aquatic Conservation: 
Marine and Freshwater Ecosystems, 8 (6), 737-744. 
Barnes, R.S.K., 1999. What determines the distribution of coastal hydrobiid 
mudsnails within North-Western Europe? Marine Ecology, 20 (2), 97-110.  
Basset, A., Barbone, E., Elliott, M., Bai-Lian, L., Jorgensen, S.E., Lucena-
Moya, P., Pardo, I. and Mouillot, D., 2013. A unifying approach to 
understanding transitional waters: fundamental properties emerging from 
ecotone ecosystems. Estuarine, Coastal and Shelf Science, 132, 5-16. 
Bazairi, H., Bayed, A., Glemarec, M. and Hily, C., 2003. Spatial organization 
of macrozoobenthic communities in response to environmental factors in a 
coastal lagoon of the north west African coast (Merj Zerga, Morocco). 
Oceanologica Acta, 26 (5-6), 457-471. 
Beukema, J. and Cadee, G., 1986. Zoobenthos responses to eutrophication 
of the Dutch Wadden Sea. Ophelia, 26, 55-64. 
90 
 
Bianchi, C.N. and Morri, C., 1995. Ficopomatus ‘reefs’ in the Po River Delta 
(Northern Adriatic): Their Constructional Dynamics, Biology and Influences 
on the Brackish-water Biota. Marine Ecology, 17 (1-3), 51-66. 
Birds of Poole Harbour, 2018. Interactive Map [online]. Poole: Birds of Poole 
Harbour. Available from: https://www.birdsofpooleharbour.co.uk/interactive-
map [Accessed 31 August 2018]. 
Birds of Poole Harbour, 2018. Latest Sightings [online]. Poole: Birds of Poole 
Harbour. Available from: https://bit.ly/2M2Nl03 [Accessed 07 August 2018]. 
Bolam, S. and Whomersley, P., 2003. Invertebrate recolonization of fine-
grained beneficial use schemes. An example from the southeast coast of 
England. Journal of Coastal Conservation, 9 (2), 159-169. 
Bolam, S. and Fernandes, T.F., 2002. Dense aggregations of tube-building 
polychaetes: response to small-scale disturbances. Journal of Experimental 
Marine Biology and Ecology, 269, 197-222. 
Bone, J., 2017. A comparison of the benthic fauna and habitat health of three 
Poole Harbour lagoons and their potential as refugia [online]. Dissertation 
(Undergraduate). Bournemouth University. 
Boyden, C. and Russell, P., 1972. The distribution and habitat range of the 
brackish water cockle (Cardium (Cerastoderma) glaucum) in the British Isles 
[online]. Journal of Animal Ecology, 41 (3), 719-734. 
Bradley, S., Milne, G., Teferle, F.N., Bingly, R.M., and Orliac, E.J., 2009. 
Glacial isostatic adjustment of the British Isles: New constraints from GPS 
measurements of crustal motion. Geophysical Journal International, 178 (1), 
14-22. 
91 
 
Brown, A.E., Burn, A.J., Hopkins, J.J. and Way, S.F., 1997. The Habitats 
Directive: Selection of Special Areas of Conservation in the UK. 
Peterborough: Joint Nature Conservation Committee. Report 270. 
Bruschetti, M., Bazterrica, C., Luppi, T. and Iribarne, O., 2009. An invasive 
intertidal reef-forming polychaete affect habitat use and feeding behaviour of 
migratory and local birds in a SW Atlantic coastal lagoon. Journal of 
Experimental Marine Biology and Ecology, 375, 76-83. 
Bruschetti, M., Luppi, T., Fanjul, E., Rosenthal, A. and Iribarne, O., 2008. 
Grazing effect of the invasive reef-forming polychaete Ficopomatus 
enigmaticus (Fauvel) on phytoplankton biomass in a SW Atlantic coastal 
lagoon [online]. Journal of Experimental Marine Biology and Ecology, 354 
(2), 212-219.  
Budd, G.C., 2008. Hediste diversicolor ragworm. In: Tyler-Walters, H. and 
Hiscock, K. Marine Life Information Network: Biology and Sensitivity Key 
Information Reviews. Plymouth: Marine Biological Association of the United 
Kingdom. Available from: https://www.marlin.ac.uk/species/detail/1426 
[Accessed 30 August 2018]. 
Burger, J. and Leonard, J., 2000. Conflict resolution in coastal waters: the 
case of personal watercraft. Marine Policy, 24, 61-67. 
Burone, L., Muniz, P., Pires-Vanin, A.M.S. and Rodrigues, M., 2003. Spatial 
distribution of organic matter in the surface sediments of Ubatuba Bay 
(Southeastern Brazil) [online]. Annals of the Brazilian Academy of Sciences, 
75 (1), 77-90. 
Cappo, M., Speare, P. and D’eath, G., 2004. Comparison of Baited Remote 
Underwater Video Stations (BRUVS) and prawn (shrimp) trawls for 
assessments of fish biodiversity in inter-reefal areas of the Great Barrier 
92 
 
Reef Marine Park. Journal of Experimental Marine Biology and Ecology, 302, 
123-152. 
Cardoso, P.G., Loganimoce, E.M., Neuparth, T., Rocha, M.J., Rocha, E. and 
Arenas, F., 2018. Interactive effects of increased temperature, pCO2 and the 
synthetic progestin levonorgestrel on the fitness and breeding of the 
amphipod Gammarus locusta [online]. Environmental Pollution, 236, 937-
947. 
Carlton, J.T., 1987. Mechanisms and patterns of transoceanic marine 
biological invasions in the Pacific Ocean. Bulletin of Marine Science, 41, 452-
465. 
Carrasco, A.R., Ferreira, O. and Roelvink, D., 2016. Coastal lagoons and 
rising sea level: a review [online]. Earth-Science Reviews, 154, 356-368. 
Carvalho, S., Pereira, P., Pereira, F., de Pablo, H., Vale, C. and Gaspar, 
M.B., 2011. Factors structuring temporal and spatial dynamics of 
macrobenthic communities in a eutrophic coastal lagoon (Obidos lagoon, 
Portugal). Marine Environmental Research, 71 (97-110). 
Clarke, L.J., Esteves, L.S., Stillman, R.A. and Herbert, R.J.H., 2018. Impacts 
of a novel shellfishing gear on macrobenthos in a marine protected area: 
pump-scoop dredging in Poole Harbour, UK [online]. Aquatic Living 
Resources, 31 (5). 
Clarke, K.R. and Warwick, R.M., 2001. Change in marine communities: an 
approach to statistical analysis and interpretation, 2nd edition. Plymouth: 
Primer-E. 
Clarke, K.R. and Gorley, R.N., 2006. Primer v6: User Manual/ Tutorial. 
Plymouth: Primer-E. 
93 
 
Como, S. and Magni, P., 2009. Temporal changes of a macrobenthic 
assemblage in harsh lagoon sediments. Estuarine, Coastal and Shelf 
Science, 83, 638-646. 
Connell, J.H., 1978. Diversity in tropical rain forests and coral reefs. Science, 
199, 1302-1310. 
Corkhill, J. and Edwards, B., 2006. Poole Harbour Saltmarsh Monitoring 
2006. Dorchester: Dorset Environmental Records Centre. 
Costa, F.O., Neuparth, T., Correia, A.D. and Costa, M.H., 2005. Multi-level 
assessment of chronic toxicity of estuarine sediments with the amphipod 
Gammarus locusta: Organism and population-level endpoints [online]. 
Marine Environmental Research, 60 (1), 93-110. 
Covey, R., 1999. The saline lagoon survey of Scotland. In: Baxter, J.M., 
Duncan, K., Atkins, S. and Lees, G., 1999. Scotland’s Living Coastline. 
London: Her Majesty’s Stationery Office (HMSO).  
Dales, R.P., 1950. The reproduction and larval development of Nereis 
diversicolor O.F.Muller. Journal Marine Biological of Association United 
Kingdom, 29, 321-360. 
Dalkin, M. and Barnett, B., 2001. Procedural Guideline No. 3-6. Quantitative 
sampling of intertidal sediment species using cores. In: Davies, J., Baxter, J., 
Bradley, M., Connor, D., Khan, J., Murray, E., Sanderson, W., Turnbull, C. 
and Vincent, C., 2001. Marine Monitoring Handbook. Peterborough: Joint 
Nature Conservation Committee. 
Darling, J.A., Reitzel, A.R., Burton, P.M., Mazza, M.E., Ryan, J.F., Sullivan, 
J.C. and Finnerty, J.R., 2005. Rising starlet: the starlet sea anemone, 
Nematostella vectensis. BioEssays, 27 (2), 211-221. 
94 
 
Dauvin, J.C., Lucas, S., Navon, M., Lesourd, S., Mear, Y., Poizot, E. and 
Alizier, S., 2017. Does the hydrodynamic, morphometric and sedimentary 
environment explain the structure of soft-bottom benthic assemblages in the 
Eastern Bay of Seine (English Channel)? [online]. Estuarine, Coastal and 
Shelf Science, 189, 156-172. 
Dauvin, J.C., 2007. Paradox of estuarine quality: benthic indicators and 
indices, consensus or debate for the future [online]. Marine Pollution Bulletin, 
55 (1-6), 271-281. 
Davidson, N.C., Laffoley, D.d'A., Doody, J.P., Way, L.S., Gordon, J., Key, R., 
Drake, C.M., Pienkowski, M.W., Mitchell, R. and Duff, K.L. 1991. Nature 
conservation and estuaries in Great Britain. Peterborough, Joint Nature 
Conservancy Council. 
Dixon, I.M and Moore, P.G., 1997. A comparative study on the tubes and 
feeding behaviour of eight species of corophioid Amphipoda and their 
bearing on phylogenetic relationships within the Corophioidea. Philosophical 
Transactions of Royal Society of London Biological Sciences, 352 (1349), 
93-112. 
Dorland, C., Tol, R. and Palutikof, J., 1999. Vulnerabiltiy of the Netherlands 
and Northwest Europe to storm damage under climate change. Climatic 
Change, 43 (3), 513-535. 
Dormann, C.F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carre, G., 
Garcia Marquez, J.R., Gruber, B., Lafourcade, B., Leitao, P., Munkemuller, 
T., McClean, C., Osborne, P.E., Reineking, B., Schroder, B., Skidmore, A.K., 
Zurell, D. and Lautenbach, S., 2013. Collinearity: a review of methods to deal 
with it and a simulation study evaluating their performance [online]. 
Ecography, 36, 27-46. 
95 
 
Dubilier, N., Giere, O. and Grieshaber, M., 1995. Morphological and 
ecophysiological adaptations of the marine oligochaete Tubificoides benedii 
to sulfidic sediments. American Zoology, 35, 163-173. 
Durou, C., Smith, B.D., Romeo, M., Rainbow, P.S., Mouneyrac, C., Mouloud, 
M., Gnassia-Barelli, M., Gillet, P., Deutsch, B., Amiard-Triquet, C., 2007. 
From biomarkers to population responses in Nereis diversicolor: assessment 
of stress in estuarine ecosystems [online]. Ecotoxicology and Environmental 
Safety, 66 (3), 402-411. 
Edwards, B., 2004. The Vegetation of Poole Harbour. Wareham: Poole 
Harbour Study Group. 
Edwards, R., 2001. Mid to late Holocene relative sea-level change in Poole 
Harbour, southern England. Journal of Quaternary Science, 16, 221-235.   
Eisenreich, S.J., 2005. Climate Change and the Water Dimension. Joint 
Research Centre: Italy. EU Report no. 21553.  
Eno, C.N., Clark, R.A. and Sanderson, W.G., 1997. Non-native marine 
species in British Waters: a review and directory. Peterborough: Joint Nature 
Conservation Committee. Report. 
Escaravage, V. and Castel, J., 1990. The impact of the lagoonal shrimp 
Palaemonetes varians (Leach) on meiofauna in a temperate coastal 
impoundment. Acta Oecologica, 11, 409-418. 
Esteves, L.S., 2014. Managed realignment: a viable long-term coastal 
management strategy? SpringerBriefs in Environmental Science. NY: 
Springer. 
96 
 
Fakhry, M., Farzaneh, M.R., Eslamian, S. and Nazari, R., 2013. Wind Speed 
Regionalisation Under Climate Change Conditions. In: Arman, H., 2013. New 
Developments in Renewable Energy. London: IntechOpen 
Farinos-Celdran, P., Robledano-Aymerich, F. and Palazon-Ferrando, J.A., 
2018. Stable isotope analysis reveals the feeding distribution of wintering 
Great cormorant Phalacrocorax carbo sinensis along a marine-continental 
Mediterranean gradient [online]. Estuarine, Coastal and Shelf Science, in 
press, corrected proof.  
Foster, R.W., 1946. The genus Mya in the western Atlantic. Johnsonia, 2 
(20). 
Frank, P. and Bleakney, J.S., 1978. Asexual reproduction, diet, and 
anomalies of the anemone Nematostella vectensis in Nova Scotia. Canadian 
Field Naturalist, 92, 259-263. 
Franklin, D., Humphreys, J., Harris, M., Jensen, A.C., Herbert, R.J.H. and 
Purdie, D.A., 2012. An investigation into the annual cycle of phytoplankton 
abundance in Poole Harbour and its relationship with Manila clam nutrition. 
Poole: Marine Management Organisation. Report. 
Fricke, A., Biancalana, F., Tonicelli, G., Kopprio, G., Gauna, M. and Parodi, 
E., 2015. Insights into ecological and reproductive aspects of two cryptogenic 
peracarid crustaceans of the Argentinian coast. Brazilian Journal of 
Oceanography, 63 (3). 
Fritzsche, D. and von Oertzen, J.A., 1995. Metabolic responses to changing 
environmental conditions in the brackish water polychaetes Marenzelleria 
viridis and Hediste diversicolor. Marine Biology, 121, 693-699. 
97 
 
Gamenik, I., Jahn, A., Vopel, K. and Giere, O., 1996. Hypoxia and sulphide 
as structuring factors in a macrozoobenthic community on the Baltic Sea 
shore: colonization studies and tolerance experiments [online]. Marine 
Ecology Progress Series, 144, 73-85. 
Gamito, S., Gilabert, S., Marcos, C. and Perez-Ruzafa, A., 2005. Effects of 
changing environmental conditions on lagoon ecology. In: Gonenc, I. and 
Wolflin, J., 2005. Coastal Lagoons: Ecosystem Processes and Modeling for 
Sustainable Use and Development. Florida: CRC Press.   
Ghezzo, M., de Pascalis, F., Umgiesser, G., Zemlys, P., Sigovini, M., 
Marcos, C. and Perez-Ruzafa, A., 2015. Connectivity in three European 
coastal lagoons [online]. Estuaries and Coasts, 38, 1764-1781. 
Giblin, A.E., Weston, N., Banta, G., Tucker, J. and Hopkinson, C.S., 2010. 
The effects of salinity on nitrogen loss from an oligohaline estuarine 
sediment [online]. Estuaries and Coasts, 33, 1054-1068. 
Giere, O., 2006. Ecology and biology of marine oligochaeta – an inventory 
rather than another review. Hydrobiologia, 564 (1), 103-116. 
Giere, O., Preusse, J. and Dubilier, N., 1999. Tubificoides benedii 
(Tubificidae, Oligochaeta) – a pioneer in hypoxic sulfidic environments. An 
overview of adaptive pathways [online]. Hydrobiologia, 406, 235-241 
Gray, A.J., 1985. Poole Harbour: Ecological Sensitivity Analysis of the 
Shoreline. Monks Wood: Institute of Terrestrial Ecology.  
Gray, A.J., Marshall, D.F. and Raybould, A.F., 1991. A century of evolution in 
Spartina anglica. Advances in Ecological Research, 21, 1-62. 
98 
 
Gray, J., 1992. Eutrophication in the sea. In: Colombo, G., Ferrari, I., 
Ceccherelli, V. and Rossi, R., 1992. Marine Eutrophication and Population 
Dynamics. Fredensborg, Denmark: Olsen and Olsen. 
Gray, J.S. and Elliott, M., 2010. Ecology of Marine Sediments: From Science 
to Management. Oxford: Oxford University Press. 
Gray, J.S., Wu, R.S. and Or, Y.Y., 2002. Effects of hypoxia and organic 
enrichment on the coastal marine environment. Marine Ecology Progress 
Series, 238, 249-279. 
Guthrie, J. and Eggiman, T., 2011. Poole and Christchurch Bays Shoreline 
Management Plan Review Sub-cell 5f [online]. In: Guthrie, G., Ridgewell, J. 
and Eggiman, T., 2011. Poole and Christchurch Bays Shoreline 
Management Plan. Bournemouth: Bournemouth Borough Council. 
Hafner, H., Boy, V. and Gory, G., 1982. Feeding methods, flock size and 
feeding success in the little egret Egretta garzetta and the squacco heron 
Ardeola ralloides in Carmargue, Southern France. Ardea, 70, 45-54.  
Hand, C. and Uhlinger, K.R., 1992. The culture, sexual and asexual 
reproduction, and growth of the sea anemone, Nematostella vectensis. 
Biological Bulletin, 182, 169-176. 
Hand, C. and Uhlinger, K.R., 1994. The unique, widely distributed, estuarine 
sea anemone Nematostella vectensis, Stephenson: A review, new facts and 
questions. Estuaries, 17, 501-508. 
Hawkins, S.J., Evans, A.J., Firth, L.B., Jenner, M.J., Herbert, R.J.H., Adams, 
L.C., Moore, P.J., Mieszkowska, N., Thompson, R.C., Burrows, M.T. and 
Fenberg, P.B., 2016. Impacts and effects of oceanwarming on intertidal rock 
99 
 
habitats. Full report. In: Laffoley, D., Baxter, J.M., 2016. Explaining Ocean 
Warming: Causes, Scale, Effects and Consequences. IUCN: Switzerland.  
Hawkins, S.J., 2012. Marine conservation in a rapidly changing world. 
Aquatic Conservation of Marine and Freshwater Ecosystems, 22, 281-287.  
Harrison, A., Pinder, A., Herbert, R., O’Brien, W., Pegg, J. and Franklin, D., 
2016. Poole Park Lakes: Research and monitoring. BU Global Environmental 
Solutions: Bournemouth, England. Report to Borough of Poole council.  
Heagney, E.C., Lynch, T.P., Babcock, R.C. and Suthers, I.M., 2007. Pelagic 
fish assemblages assessed using mid-water baited video: standardising fish 
counts using bait plume size. Marine Ecology Progress Series, 350, 255-266. 
Hedges, J.I., Keil, R.G. and Cowie, G.L., 1993. Sedimentary diagenesis: 
organic perspectives with inorganic overlays. Chemical Geology, 107, 487-
492. 
Heiman, K.W. and Micheli, F., 2010. Non-native ecosystem engineer alters 
estuarine communities. Integrative and Comparative Biology, 50 (2), 226-
236. 
Henkel, S.K. and Politano, K.K., 2017. Small proportions of silt linked to 
distinct and predictable differences in marine macrofaunal assemblages on 
the continental shelf of the Pacific Northwest [online]. Continental Shelf 
Research, 144, 38-49. 
Herbert, R.J.H., Ross, K., O’Brian, W., Wheeler, R., Whetter, T. and Bone, 
J., in press. Maintaining ecological resilience on a regional scale: coastal 
saline lagoons in Poole Harbour, UK. London: Elsevier. 
100 
 
Herbert, R.J.H., Broderick, L.G., Ross, K., Moody, C., Cruz, T., Clarke, L. 
and Stillman, R.A., 2018. Artificial coastal lagoons at solar salt-working sites: 
A network of habitats for specialised, protected and alien biodiversity [online]. 
Estuarine, Coastal and Shelf Science, 203, 1-16. 
Herbert, R., Ross, K., Hubner, R. and Stillman, R., 2010. Intertidal 
Invertebrates and Biotopes of Poole Harbour SSSI and Survey of Brownsea 
Island Lagoon [online]. Bournemouth: Bournemouth University.  
Hines, D.E., Lisa, J.A., Song, B., Tobias, C.R. and Borrett, S.R., 2015. 
Estimating the effects of seawater intrusion on an estuarine nitrogen cycle by 
comparative network analysis [online]. Marine Ecology Progress Series, 524, 
137-154. 
Holland, K. and Elmore, P., 2008. A review of heterogeneous sediments in 
coastal environments. Earth-Science Reviews, 89 (3-4), 116-134. 
Hopper, N., 2016. Breeding gulls of Poole Harbour. Poole: Birds of Poole 
Harbour. 
House, C., May, V. and Diaz, A., 2005. Sika Deer Tramping and Salt-marsh 
Creek Erosion: Preliminary Investigation. In: May, V.J. and Humphreys, J., 
2005. The Ecology of Poole Harbour, Volume 7. Elsevier Science. 
Howson, C.M., Chambers, S.J., Pye, S.E. and Ware, F.J., 2014. Uist 
Lagoons Survey. Inverness: Scottish Natural Heritage. Report 787. 
Hummel, H., Wolowicz, M. and Bogaards, R., 1994. Genetic variability and 
relationships for populations of Cerastoderma edule and of the C. glaucum 
complex [online]. Netherlands Journal of Sea Research, 33 (1), 81-89. 
101 
 
Humphreys, J., Harris, M.R.C., Herbert, R.J.H., Farrell, P., Jensen, A. and 
Cragg, S., 2015. Introduction, dispersal and naturalization of the Manila clam 
Ruditapes philippinarium in British estuaries, 1980-2010 [online]. Journal of 
the Marine Biological Association of the United Kingdom, 95 (6), 1163-1172. 
Humphreys, J., 2005. Salinity and Tides in Poole Harbour: Estuary or 
Lagoon? In: May, V.J. and Humphreys, J., 2005. The Ecology of Poole 
Harbour, Volume 7. Elsevier Science. 
Ieno, E.N., Solan, M., Batty, P. and Pierce, G.J., 2006. How biodiversity 
affects ecosystem functioning: roles of infaunal species richness, identity and 
density in the marine benthos. Marine Ecology Progress Series, 311, 263-
271. 
IUCN, 2000. Guidelines for the Prevention of Biodiversity Loss due to 
Biological Invasion. Gland: World Conservation Union. 
 
IPCC, 2007. In: Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., 
Averyt, K., Tignor, M., Miller, H. (Eds.), Climate Change 2007: the Physical 
Science Basis. Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press: Cambridge. 
IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of 
Working Groups I, II and III to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core Writing Team, R.K. 
Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp. 
James, C.J. and Gibson, R., 1980. The distribution of the polychaeta 
Capitella capitata (Fabricius) in dock sediments. Estuarine and Coastal 
Marine Science, 10 (6), 671-683. 
102 
 
Janas, U. and Baranska, A., 2008. What is the diet of Palaemon elegans 
Rathke, 1837 (Crustacea, Decapoda), a non-indigenous species in the Gulf 
of Gdansk (southern Baltic Sea)? Oceanologia, 50 (2), 221-237. 
Jayaraj, K.A., Josia, J. and Dinesh Kumar, P.K, 2008. Infaunal macrobenthic 
community of soft bottom sediment in a tropical shelf. Journal of Coastal 
Research, 24, 708-718.  
Joye, S. and Anderson, I., 2008. Nitrogen cycling in coastal sediments. In: 
Capone, D.G., Bronk, D.A., Mulholland, M.R. and Carpenter, E.J., 2008. 
Nitrogen in the Marine Environment. Academic Press 
JNCC, 2008b. Information Sheet on Ramsar Wetlands – Poole Harbour v3.0. 
Available from: http://jncc.defra.gov.uk/pdf/RIS/UK11054.pdf [Accessed 19 
May 2018]. 
Kanaya, G., 2014. Recolonization of macrozoobenthos on defaunated 
sediments in a hypertrophic brackish lagoon: effects on sulfide removal and 
sediment grain size [online]. Marine Environmental Research, 95, 81-88.  
Kanaya, G., 2005. Relationships between sediment chemical buffering 
capacity capacity and H2S accumulation: comparative study in two 
temperate estuarine brackish lagoons. Hydrobiologia, 528, 187-199. 
Kevrekidis, T., 2004. Population dynamics, growth and reproduction of 
Corophium insidiosum (Crustacea: Amphipoda) at low salinities in Monolimni 
lagoon (Evros Delta, North Aegean Sea) [online]. Hydrobiologia, 522, 117-
132. 
Labrune, C., Gremare, A., Amuoroux, J.M., Sarda, R., Gil, J. and Taboada, 
S., 2008. Structure and diversity of shallow soft-bottom benthic macrofauna 
103 
 
in the Gulf of Lions (NW Mediterranean). Helgoland Marine Research, 62, 
201-214. 
Lee, C.G., Huettel, M., Hong, J.S. and Reise, K., 2004. Carrion-feeding on 
the sediment surface at nocturnal low tides by the polychaete Phyllodoce 
mucosa. Marine Biology, 145 (3), 575-583. 
Lindstrom, M. and Sandberg-Kilpi, E., 2008. Breaking the boundary – the key 
to bottom recovery? The role of mysid crustaceans in oxygenizing bottom 
sediments [online]. Journal of Experimental Marine Biology and Ecology, 354 
(2), 161-168.  
Lloyd, C., Tasker, M.L. and Partridge, K., 1991. The status of seabirds in 
Britain and Ireland. London: T & A.D Poyser. 
Lopes, R. and Videira, N., 2013. Valuing marine and coastal ecosystem 
services: an integrated participatory framework [online]. Ocean and Coastal 
Management, 84, 153-162.  
Lucas, L.V., Sereno, D.M., Burau, J.R., Schraga, T.S., Lopez, C.B., Stacey, 
M.T., Parchevsky, K.V. and Parchevsky, V.P., 2006. Intradaily variability of 
water quality in a shallow tidal lagoon: mechanisms and implications. 
Estuaries and Coasts, 29 (5), 711-730.  
Maggs, C.A. and Magill, C.L., 2014. GB Non-native Organism Rapid Risk 
Assessment for Gracilaria vermiculophylla. York: GB Non Native Species 
Secretariat.  
Magni, P., Draredja, B., Melouah, K. and Como, S., 2015. Patterns of 
seasonal variation in lagoonal macrozoobenthic assemblages (Mellah 
lagoon, Algeria) [online]. Marine Environmental Research, 109, 168-176. 
104 
 
Magnusson, W.E., 1997. Teaching experimental design in ecology, or how to 
do statistics without a bikini. Bulletin of the Ecological Society of America, 78, 
205-209.  
May, V.J. and Humphreys, J., 2005. The Ecology of Poole Harbour, Volume 
7. Elsevier Science. 
May, V.J., 2005. Geomorphology of Poole Harbour. In: May, V.J. and 
Humphreys, J., 2005. The Ecology of Poole Harbour, Volume 7. Elsevier 
Science. 
McClusky, D. and Elliot, M., 2004. The Estuarine Ecosystem. Oxford: Oxford 
University Press. 
Mermillod-Blondin, F., Francois-Carcaillet, F. and Rosenberg, R., 2005. 
Biodiversity of benthic invertebrates and organic matter processing in 
shallow marine sediments: an experimental study. Journal of Experimental 
Marine Biology and Ecology, 315, 187-209. 
Moran, Y. and Gurevitz, M., 2006. When positive selection of neurotoxin 
genes is missing. The riddle of the sea anemone Nematostella vectensis. 
FEBS Journal, 273, 3886-3892. 
Morrison, S.J., 2004. Wader and Waterfowl Roost Survey in Poole Harbour 
2002/03. Wareham: Poole Harbour Study Group. 
Murphy, J., Sexton, D., Jenkins, G., Boorman, P., Booth, B., Brown, K., 
Clark, R., Collins, M., Harris, G. and Kendon, L., 2010. UK Climate 
Projections. Exeter: Met Office. 
Murray, F., Solan, M. and Douglas, A., 2017. Effects of algal enrichment and 
salinity on sediment particle reworking activity and associated nutrient 
105 
 
regeneration mediated by the intertidal polychaete Hediste diversicolor. 
Journal of Experimental Marine Biology and Ecology, 495, 75-82. 
Nair, K.K.C. and Anger, K., 1979. Life cycle of Corophium insidiosum 
(Crustacea, Amphipoda) in laboratory culture. Helgolander wiss. 
Meeresunters, 32, 279-294.  
National Trust, 2015. Shifting Shores, Playing our part at the coast. Swindon: 
National Trust. Report. 
Neuparth, T., Costa, F.O. and Costa, M.H., 2002. Effects of temperature and 
salinity on life history of the marine amphipod Gammarus locusta. 
Implications for ecotoxicological testing [online]. Ecotoxicology, 11 (1), 61-73. 
Newton, A., Brito, A.C., Icely, J.D., Derolez, V., Clara, I., Angus, S., 
Schernewski, G., Inacio, M., Lillebo, A.I., Sousa, A.I., Bejaoui, B., Solidoro, 
C., Tosic, M., Canedo-Arguelles, M., Yamamuro, M., Reizopoulou, S., 
Tseng, H.C., Donata, C., Roselli, L., Maanan, M., Cristina, S., Ruiz-
Fernandez, A.C., Lima, R., Kjerfve, B., Rubio-Cisneros, N., Perez-Ruzafa, 
A., Marcos, C., Pastres, R., Pranovi, F., Snoussi, M., Turpie, J., 
Tuchkovenko, Y., Dyack., B., Brookes, J., Povilanskas, R. and Khokhlov, V., 
2018. Assessing, quantifying and valuing the ecosystem services of coastal 
lagoons. Journal for Nature Conservation, in press. 
Newton, A., Icely, J., Cristina, S., Brito, A., Cardoso, A.C., Colijn, F., Riva, 
S.D., Gertz, F., Hansen, J.W., Holmer, M., Ivanova, K., Leppakoski, E., 
Canu, D.M., Mocenni, C., Mudge, S., Murray, N., Pejrup, M., Razinkovas, A., 
Reizopoulou, S., Perez-Ruzafa, A., Schernewski, G., Schubert, H., Carr, L., 
Solidoro, C., Viaroli, P. and Zaldivar, J.M., 2014. An overview of ecological 
status, vulnerability and future perspectives of European large shallow, semi-
enclosed coastal systems, lagoons and transitional waters [online]. 
Estuarine, Coastal and Shelf Science, 140, 95-122.  
106 
 
Newton, A., Carruthers, T. and Icely, J., 2012. The coastal syndromes and 
hotspots on the coast [online]. Estuarine, Coastal and Shelf Science, 96, 39-
47.  
Nicholls, R. and Cazenave, A., 2010. Sea-level rise and its impact on coastal 
zones. Science, 328, 1517-1520. 
Nolan, P., Lynch, P., McGrath, R., Semmler, T. and Wang, S., 2012. 
Stimulating climate change and its effects on the wind energy resource of 
Ireland. Wind Energy, 15 (4), 593-608. 
Nyberg, C.D., Thomsen, M.S. and Wallentinus, I., 2009. Flora and fauna 
associated with the introduced red alga Gracilaria vermiculophylla. European 
Journal of Phycology, 44 (3), 395-403. 
Obenat, S., Spivak, E. and Garrido, L., 2006. Life history and reproductive 
biology of the invasive amphipod Melita palmata (Amphipoda: Melitidae) in 
the Mar Chiquita coastal lagoon, Argentina [online]. Journal of the Marine 
Biological Association of the United Kingdom, 86 (6), 1381-1387. 
Olive, P.J.W and Garwood, P.R., 1981. Gametogenic cycle and population 
structure of Nereis (Hediste) diversicolor and Nereis (Nereis) pelagica from 
Northern-East England. Journal of the Marine Biological Association of the 
United Kingdom, 61, 193-213. 
Ouisse, V., Riera, P., Migne, A., Leroux, C. and Davoult, D., 2011. 
Freshwater seepages and ephemeral macroalgae proliferation in an intertidal 
bay: Effect on benthic community structure and food web [online]. Estuarine, 
Coastal and Shelf Science, 91, 272-281. 
Pearson, C.V.M., Rogers, A.D. and Sheader, M., 2008. The genetic structure 
of the rare lagoonal sea anemone Nematostella vectensis Stephenson 
107 
 
(Cnidaria; Anthozoa) in the United Kingdom based on RAPD analysis 
[online]. Molecular Ecology, 11 (11). 
Pearson, T.H. and Rosenberg, R., 1978. Macrobenthic succession in relation 
to organic enrichment and pollution of the marine environment. 
Oceanography and Marine Biology, 16, 229-311. 
Peckol, P., DeMeo-Anderson, B., Rivers, J., Valiela, I., Maldonado, M. and 
Yates, J., 1994. Growth, nutrient uptake capacities and tissue constituents of 
the macroalgae Cladophora vagabunda and Gracilaria tikvahiae related to 
site-specific nitrogen loading rates [online]. Marine Biology, 121 (1), 175-185. 
Perez-Ruzafa, A., de Pascalis, F., Ghezzo, M., Quispe-Becerra, J.I., 
Hernandez-Garcia, R., Munoz, I., Vergara, C., Perez-Ruzafa, I.M., 
Umgiesser, G. and Marcos, C., 2018. Connectivity between coastal lagoons 
and sea: Asymmetrical effects on assemblages’ and populations’ structure 
[online]. Estuarine, Coastal and Shelf Science, in press.  
Perez-Ruzafa, A., Marcos, C., Perez-Ruzafa, I., Barcala, E., Hegazi, M. and 
Quispe, J., 2007. Detecting changes resulting from human pressure in a 
naturally quick-changing and heterogenous environment: spatial and 
temporal scales of variability in coastal lagoons. Estuarine and Coastal Shelf 
Science, 75, 175-181.  
Petchey, O.L. and Belgrano, A., 2010. Body-size distributions and size-
spectra: universal indicators of ecological status? Biology Letters. 
Petersen, K.S., Rasmussen, K.L., Heinemeler, J., and Rud, N., 1992. Clams 
before Columbus? Nature, 359-679. 
Peterson, C., Irlandi, E. and Black, R., 1994. The crash in suspension 
feeding bivalve populations in Princess Royal Harbour: an unexpected 
108 
 
consequence of eutrophication. Journal of Experimental Marine Biology and 
Ecology, 176, 39-52. 
Peterson, J.K. and Peterson, G.I., 1990. Tolerance, behaviour and oxygen 
consumption in the sand goby, Pomatoschistus minutus (Pallas), exposed to 
hypoxia. Journal of Fish Biology, 37, 921-933. 
Pethick, J., 1993. Cliff Erosion: Furzey Island, Poole Harbour. Hull: Institute 
of Estuarine and Coastal Studies, University of Hull. Report. 
Pickess, B.P. and Underhill-Day, J.C., 2002. Important Birds of Poole 
Harbour. Wareham: Poole Harbour Study Group. 
Pinder, L.C.V., 1995. Biology of the Eggs and First-instar Larvae. In: 
Armitage, P.D., Cranston, P. and Pinder, L.C.V., 1995. The Chironomidae. 
Biology and Ecology of Non-Biting Midges. London: Chapman and Hall.  
Pockberger, M., Kellnreitner, F., Ahnelt, H., Asmus, R. and Asmus, H., 2014. 
An abundant small sized fish as keystone species? The effect of 
Pomatoschistus microps on food webs and its trophic role in two intertidal 
benthic communities: a modelling approach. Journal of Sea Research, 86, 
86-96. 
Posey, M. and Hines, A., 1991. Complex predator-prey interactions within an 
estuarine benthic community [online]. Ecology, 72 (6), 2155-2169. 
Prato, E. and Biandolino, F., 2006. Life history of the amphipod Corophium 
insidiosum (Crustacea: Amphipoda) from Mar Piccolo (Ionian Sea, Italy) 
[online]. Scientia Marina, 70 (3), 355-362. 
Rainbow, P.S. and Smith, B.D., 2013. Accumulation and detoxification of 
copper and zinc by the decapod crustacean Palaemonetes varians from 
109 
 
diets of field-contaminated polychaetes Nereis diversicolor. Journal of 
Experimental Marine Biology and Ecology, 449, 312-320. 
Rakocinski, C. and Zapfe, G., 2004. Macrobenthic Process-Indicators of 
Estuarine Condition for the Northern Gulf of Mexico. United States 
Environmental Protection Agency. 
Ratcliffe, N., Pickerell, G. and Brindley, E., 2000. Population trends of little 
and sandwich terns Sterna albifrons and Sterna sandvicensis in Britain and 
Ireland from 1969 to 1998. Atlantic Seabirds, 2 (3/4), 211-226. 
Reitzel, A.M., Darling, J.A., Sullivan, J.C. and Finnerty, J.R., 2007. Global 
population genetic structure of the starlet sea anemone Nematostella 
vectensis: Multiple introductions and implications for conservation policy 
[online]. Biological Invasions. 
Reizopolou, S., Simboura, N., Barbone, E., Aleffi, F., Basset, A. and 
Nicolaidou, A., 2013. Biodiversity in transitional waters: steeper ecotone, 
lower diversity. Marine Ecology, 35, 78-84. 
Reynolds, J.D. and Jones, J.C., 1999. Female preference for preferred 
males is reversed under low oxygen conditions in the common goby 
(Pomatoschistus microps) [online]. Behavioural Ecology, 10 (2), 149-154. 
Reynolds, S.J. and Hinge, M.D.C., 1996. Foods brought to the nest by 
breeding kingfishers Alcedo atthis in the New Forest of southern England. 
Bird Study, 43, 96-102. 
Ribera, M.A. and Boudouresque, C.F., 1995. Introduced marine plants, with 
special reference to macroalgae: mechanisms and impact. Progress in 
Phycological Research, 11, 187-269. 
110 
 
Roberts, G.M., 1995. Salt-marsh Crustaceans, Gammarus duebeni and 
Palaemonetes varians as predators of mosquito larvae and their reaction to 
bacillus thuringiensis subsp. Isrealensis. Biocontrol Science and Technology, 
5 (3), 379-386. 
Robertson, P., 1993. The management of artificial coastal lagoons in relation 
to invertebrates and avocets Recurvirostra avosetta. Thesis (PhD). 
University of East Anglia. 
Roy, H.E., Bacon, J., Beckmann, B., Harrower, C.A., Hill, M.O., Isaac, N.J.B, 
Preston, C.D., Rathod, B., Rorke, S.L., Marchant, J.H., Musgrove, A., Noble, 
D., Sewell, J., Seeley, B., Sweet, N., Adams, L., Bishop, J., Jukes, A.R., 
Walker, K.J. and Pearman, D., 2007. Non-Native Species in Great Britain: 
establishment, detection and reporting to inform effective decision making. 
York: Non-Native Species Secretariat.  
RSPB, 2012. Arne [online]. Bedfordshire: RSPB. Available from:  
http://www.rspb.org.uk/community/placestovisit/arne/m/arnemediagallery/472
452.aspx [Accessed 31 June 2018]. 
Rybarczyk, H., Elkaim, B., Wilson, J. and Loquet, N., 1996. L’eutrophisation 
en Baie de Somme: mortalities des peuplements benthiques par anoxie. 
Oceanologica Acta, 19, 131-140. 
Rysgaard, S., Thastum, P., Dalsgaard, T., Christensen, P.B. and Sloth, N.P., 
1999. Effects of Salinity on NH4+ Adsorption Capacity, Nitrification, and 
Denitrification in Danish Estuarine Sediments [online]. Estuaries and Coasts, 
22 (1), 21-30. 
Schmid, P.E., 1993. Random patch dynamics of larval Chironomidae 
(Diptera) in the bed sediments of a gravel stream. Freshwater Biology, 30, 
239-255. 
111 
 
Schwindt, E., Bortolus, A. and Iribane, O.O., 2001. Invasion of a reef-builder 
polychaete: direct and indirect impacts on the native benthic community 
structure. Biological Invasions, 3 (2), 137-149.  
Seiderer, L.J. and Newell, R.C., 1999. Analysis of the relationship between 
sediment composition and benthic community structure in coastal deposits: 
Implications for marine aggregate dredging [online]. ICES Journal of Marine 
Science, 56, 757-765.  
Sheader, M. and Sheader, A., 1992. A survey of Blue Lagoon, Poole 
Harbour, with special reference to the anemone, Nematostella vectensis 
Stephenson. Peterborough: English Nature. Unpublished report.  
Sheader, M. and Sheader, A., 1985. Survey of brackish coastal lagoons. 
Sussex to Dorset, 1984-5. Peterborough: Nature Conservancy Council. 
Report no. 739.  
Sheader, M., Suwailem, A.M. and Rowe, G., 1997. The anemone, 
Nematostella vectensis, in Britain: considerations for conservation 
management [online]. Aquatic Conservation Marine and Freshwater 
Ecosystems, 7 (1), 13-25. 
Sheader, M., 1978. Distribution and reproductive biology of Corophium 
insidiosum (Amphipoda) on the north-east coast of England [online]. Journal 
of the Marine Biological Association of the UK, 58 (3), 585-596. 
Shukman, D., 2018. How does the 2018 heatwave compare to that of 1976? 
London: BBC. Available from: https://www.bbc.co.uk/news/uk-44943672 
[Accessed 05 September 2018].  
112 
 
Shull, D.H., 1997. Mechanisms of infaunal polychaete dispersal and 
colonisation in an intertidal sandflat. Journal of Marine Research, 55, 153-
179. 
Simboura, N. and Zenetos, A., 2002. Benthic indicators to use in Ecological 
Quality classification of Mediterranean soft bottom marine ecosystems, 
including a new Biotic Index [online]. Mediterranean Marine Science, 3(2), 
77-111. 
Snelgrove, P.V.R. and Butman, C.A., 1994. Animal-sediment relationships 
revisited: cause versus effect. Oceanography and Marine Biology, an Annual 
Review, 32, 111-177.  
Solan, M., Batty, P., Bulling, M.T. and Godbold, J.A., 2008. How biodiversity 
affects ecosystem processes: implications for ecological revolutions and 
benthic ecosystem function. Aquatic Biology, 2, 289-301. 
Song, B., Lisa, J.A. and Tobias, C.R., 2014. Linking DNRA community 
structure and activity in a shallow lagoonal estuarine system [online]. 
Frontiers in Microbiology, 5. 
Steel, A.E., Kennedy, M.C., Cunningham, P.G. and Stanovick, J.S., 2013. 
Applied statistics in ecology: common pitfalls and simple solutions [online]. 
Ecosphere, 4 (9). 
Strasser, M., 1999. Mya arenaria – an ancient invader of the North Sea 
coast. Helgoland Marine Research, 52 (3), 309-324. 
Strasser, M., Walensky, M. and Reise, K., 1999. Juvenile-adult distribution of 
the bivalve Mya arenaria on intertidal mudflats in the Wadden Sea: why are 
there so few year classes. Helgoland Marine Research, 53, 45-55. 
113 
 
Stringell, T., Bamber, R., Burton, M., Lindenbaum, C., Skates, L. and 
Sanderson, W., 2013. A tool for protected area management: multivariate 
control charts ‘cope’ with rare variable communities [online]. Ecology and 
Evolution, 3 (6), 1667-1676.  
Thiermann, F., Niemeyer, A. and Giere, O., 1996. Variations in the sulfide 
regime and the distribution of macrofaunal in an intertidal flat in the North 
Sea. Helgolander Meeresunters, 50, 87-104. 
Thomsen, M.S., 2010. Experimental evidence for positive effects of invasive 
seaweed on native invertebrates via habtitat-formation in a seagrass bed. 
Aquatic Invasions, 5 (4). 
Thornton, A., 2016. The impact of green macroalgal mats on benthic 
invertebrates and overwintering wading birds. Thesis (PhD). Bournemouth 
University.  
Tokeshi, M., 1995. Randomness and aggregation: analysis of dispersion in 
an epiphytic Chironomid community. Freshwater Biology, 33, 567-578. 
Tsutsumi, H., Fukunaga, S., Fujita, N. and Sumida, M., 1990. Relationship 
between growth of Capitella sp. and organic enrichment in the sediment. 
Marine Ecology Progress Series, 63, 157-162.  
Tyson, R.V., 1995. Sedimentary Organic Matter. Organic Facies and 
Palynofacies. London: Chapman and Hall.   
Utting, S.D. and Spencer, B.E., 1991. The hatchery culture of bivalve mollusc 
larvae and juveniles. Lowestoft: Ministry of Agriculture, Fisheries and Food, 
Directorate of Fisheries Research. Laboratory Leaflet No. 68. 
114 
 
Van Hoey, G., Degraer, S. and Vinex, M., 2004. Macrobenthic community 
structure of soft-bottom sediments at the Belgian Continental Shelf. 
Estuarine and Coastal Shelf Science, 59, 599-613. 
Velasco, A.M., Perez-Ruzafa, A., Martinez-Paz, J.M. and Marcos, C., 2017. 
Ecosystem services and main environmental risks in a coastal lagoon (Mar 
Menor, Murcia, SE Spain): the public perception [online]. Journal for Nature 
Conservation, in press, corrected proof. 
Vismann, B., 1991. Sulfide tolerance: physiological mechanisms and 
ecological implications. Ophelia, 34, 1-27.  
Vismann, B., 1990. Sulfide detoxification and tolerance in Nereis (Hediste) 
diversicolor and Nereis (Neanthes) virens [Annelida: Polychaeta]. Marine 
Ecology Progress Series, 59, 229-238. 
Warren, L.M., 1976. A population study of the polychaete Capitella capitata 
at Plymouth. Marine Biology, 38, 209-216. 
Warwick, R.M., 1986. A new method for detecting pollution effects on marine 
macrobenthic communities. Marine Biology, 92, 557-562.  
Watson, G., Mire, P. and Kinler, K., 2009. Mechanosensitivity in the model 
sea anemone Nematostella vectensis [online]. Marine Biology, 156 (10), 
2129-2137. 
Weather Online, 2018. Bournemouth Historic Wind Direction. London: 
WeatherOnline Ltd. Available from: http://bit.ly/2NToWH3 [Accessed 07 
September 2018].  
115 
 
Welstead, W. and Shardlow, M.E., 1999. The colonisation of Havergate 
Island, Suffolk by the starlet sea anemone Nematostella vectensis [online]. 
Suffolk Naturalist Society, 35, 57-61. 
Wentworth, C., 1922. A Scale of Grade and Class Terms for Clastic 
Sediments [online]. The Journal of Geology, 30 (5). 
Weston, D.P., 1988. Macrobenthos-sediment relationships on the continental 
shelf off Cape Hatteras, North Carolina. Continental Shelf Research, 8, 267-
286. 
Weston, N.B., Giblin, A.E., Banta, G.T., Hopkinson, C.S. and Tucker, J., 
2010. The Effects of Varying Salinity on Ammonium Exchange in Estuarine 
Sediments of the Parker River, Massachusetts [online]. Estuaries and 
Coasts, 33 (4), 985-1003. 
Wharfe, J.R., 1977. An ecological survey of the benthic invertebrate 
macrofauna of the lower Medway estuary, Kent. Journal of Animal Ecology, 
46, 93-113.  
Wheeler, R., 2013. Nekton biodiversity and bird prey availability of two 
Dorset lagoons, UK. Thesis (Masters). Bournemouth University. 
Williams, J.M., 2006. Common Standards Monitoring for Designated Sites: 
First Six Year Report. Peterborough: Joint Nature Conservation Committee.  
Williams, R.B., 2003. Locomotory behaviour and functional morphology of 
Nematostella vectensis (Anthozoa: Actiniaria: Edwardsiidae): a contribution 
to a comparative study of burrowing behaviour in athenarian sea anemones. 
Zoologische Verhandelingen, 345, 437-477. 
116 
 
Williams, R.B., 1976. Conservation of the sea anemone Nematostella 
vectensis in Norfolk, England, and its world distribution. Transactions of the 
Norfolk and Norwich Naturalists Society, 23, 257-266. 
World Conservation Monitoring Centre, 1996. Nematostella vectensis. IUCN 
Red List. Available from: http://www.iucnredlist.org/details/14500/0 
[Accessed 22 March 2018].  
Woth, K., Weisse, R. and von Storch, H., 2006. Climate change and North 
Sea storm surge extremes: an ensemble study of storm surge extremes 
expected in a changed climate projected by four different regional climate 
models. Ocean Dynamics, 56 (1), 3-15. 
Zaghmouri, I., Michotey, V.D., Armougom, F., Guasco, S. and Bonin, P.C., 
2018. Salinity shifts in marine sediment: Importance of number of fluctuation 
rather than their intensities on bacterial denitrifying community [online]. 
Marine Pollution Bulletin, 130, 76-83. 
Zwarts, L. and Wanink, J., 1989. Siphon size and burying depth in deposit 
and suspension feeding benthic bivalves. Marine Biology, 100 (2), 227-240.  
 
 
 
 
 
117 
 
Appendices 
Table A1. Abiotic measurements from all sample sites. 
Sample 
Site 
Silt 
Content 
(%) 
Median 
Grain 
Size (µ) 
Organic 
Matter 
(%LOI) 
Water 
Depth 
(m) 
Sediment 
Depth 
(m) 
Salinity 
(‰) 
Temperature 
(°C) 
1 76.0 48.1 9.7 0.7 0.5 26.6 2.5 
2 89.3 20.6 10.8 0.7 0.7 26.5 2.5 
3 92.8 20.4 11.5 0.8 2.0 26.6 2.5 
4 90.9 19.0 10.9 0.9 2.0 26.6 2.5 
5 65.6 62.3 5.2 0.9 1.9 24.7 1.5 
6 78.6 36.4 5.7 0.7 0.1 26.6 2.5 
7 93.5 20.5 10.5 0.8 0.5 26.6 2.6 
8 88.4 19.5 12.3 0.9 1.4 26.5 2.6 
9 90.4 18.3 10.6 0.9 1.3 26.6 2.6 
10 88.1 20.6 11.0 1.0 1.3 26.6 2.6 
11 80.7 27.2 8.7 0.8 1.0 26.2 2.7 
12 59.1 66.5 3.4 0.7 0.6 26.4 2.6 
13 87.6 22.3 8.6 0.9 0.7 24.8 1.3 
14 88.6 21.2 9.0 0.9 0.4 26.5 2.6 
15 89.6 20.2 9.3 0.9 1.4 26.5 2.7 
16 87.0 22.2 10.7 1.0 1.3 26.6 2.6 
17 91.1 20.3 9.2 1.0 1.2 26.6 2.5 
18 87.6 25.1 8.9 0.9 0.8 26.3 2.9 
19 59.8 64.2 3.1 1.0 0.5 26.2 2.6 
20 61.3 65.0 4.7 0.9 0.2 26.3 3.1 
21 49.4 128.2 3.5 0.9 0.1 26.2 3.1 
22 68.4 75.7 7.0 0.9 0.6 26.5 2.9 
23 87.3 23.3 10.5 0.9 1.4 26.5 2.8 
24 89.1 22.8 11.6 1.0 1.3 26.6 2.6 
25 91.0 21.6 8.9 1.0 1.3 26.5 2.6 
26 84.0 27.2 9.2 1.0 0.3 26.4 3.0 
27 63.7 60.5 6.3 0.9 0.1 26.2 2.7 
28 62.9 61.3 5.3 0.9 0.2 26.1 2.9 
29 74.3 33.8 7.3 0.8 0.2 26.6 3.0 
30 71.7 42.8 4.2 0.9 0.5 26.5 2.8 
31 86.9 25.4 7.2 1.3 0.5 26.5 2.7 
32 95.4 20.4 9.4 1.0 0.9 26.5 2.9 
33 83.7 25.8 12.1 1.1 0.2 26.5 2.9 
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34 47.1 137.7 3.5 0.8 0.2 26.2 2.7 
36 68.3 51.3 3.7 0.7 0.2 26.5 2.9 
37 81.6 29.6 7.0 1.1 0.4 26.5 2.9 
38 60.6 71.7 6.2 1.0 0.1 26.5 2.9 
39 86.6 32.3 10.3 1.1 0.2 26.6 3.1 
40 77.5 52.1 10.6 1.2 0.3 26.6 3.1 
41 54.6 103.1 3.7 0.7 0.1 26.5 3.3 
42 28.1 204.2 1.2 0.6 0.2 24 3.1 
43 30.3 230.4 1.5 1.0 0.1 26.5 2.9 
44 62.5 72.7 5.5 1.0 0.3 26.5 3.0 
45 82.2 40.0 9.8 1.2 0.2 26.6 3.2 
46 73.4 56.5 6.3 1.1 0.2 26.5 3.4 
47 36.3 182.9 2.3 0.8 0.3 26.5 3.5 
48 60.6 95.3 5.4 0.9 0.5 26.4 3.6 
49 71.4 72.2 7.5 0.6 0.1 26.4 3.7 
50 18.7 186.4 1.4 0.6 0.1 26.4 3.7 
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Table A2. Abundance of pelagic fauna at all sample sites. 
Site 
June July 
TOTAL 
C
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P
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1 0 40 0 3 0 45 0 2 90 
2 0 20 0 7 0 5 0 5 37 
3 0 20 0 9 0 40 0 0 69 
4 0 20 0 1 0 2 0 1 24 
5 0 15 0 10 0 30 0 3 58 
6 0 5 0 9 0 10 0 2 26 
7 1 10 0 25 0 10 0 20 66 
8 2 20 0 30 0 20 0 0 72 
9 0 10 0 7 0 10 0 0 27 
10 0 10 0 10 1 20 0 10 51 
11 1 25 0 10 3 0 0 30 69 
12 1 20 0 10 0 10 0 18 59 
13 3 5 0 30 3 15 0 15 71 
14 0 10 0 15 1 5 0 25 56 
15 2 5 0 15 0 10 0 40 72 
16 0 5 0 10 0 20 0 10 45 
17 1 10 0 10 0 20 0 5 46 
18 0 1 0 3 0 16 1 11 32 
19 0 5 0 5 0 5 3 25 43 
20 0 5 0 10 0 0 2 6 23 
TOTAL 11 261 0 229 8 293 6 228 1036 
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a. 
b. 
c. 
Figure A1 The spatial distribution of a) F. enigmaticus, 
b) P. mucosa and c) H. diversicolor. 
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a. 
b. 
c. 
Figure A2 The spatial distribution of a) Polydora sp., b) 
Tubificoides sp. and c) M. gryllotalpa. 
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a. 
b. 
c. 
Figure A3 The spatial distribution of a) M. insidiosum, b) M. 
palmata and c) G. locusta 
123 
 
 
a. 
b. 
c. 
Figure A4 The spatial distribution of a) P. ulvae, b) E. 
ventrosa and c) M. arenaria. 
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a. 
b. 
Figure A5 The spatial distribution of a) C. glaucum and 
b) Chironomid larvae. 
